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ABSTRACT 


This  paper  provides  an  explanation  and  simple  numerical  example  for  the  way 
that  (conventional)  attrition  to  ground  weapon  systems  is  determined  in  the  current  J-8 
version  of  the  TACWAR  computer  mcxlel  of  ground  and  air  warfare.  The  purpose  for 
presenting  this  explanation  and  example  is  to  assist  analysts  in  improving  their 
understanding  of  the  ciurent  ground  combat  attrition  algorithms  in  J-8's  TACWAR.  Such 
increased  understanding  could  lead  to  more  appropriate  use  of  the  model  and  could 
facilitate  decisions  related  to  model  improvement 
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EXECUTIVE  SUMMARY 


A.  BACKGROUND 

In  1988  and  1989,  IDA  developed  a  comprehensive  structure  for  assessing  point 
fire  attrition  in  large-scale  (e.g.,  theater-level)  models.  This  attrition  assessment  structure, 
which  is  documented  in  IDA  Paper  P-2248,  allowed  multiple  types  of  weapons  on  both 
sides.  It  did  not  explicitly  consider  multiple  types  of  munitions,  however,  and  it 
considered  point  fire  but  not  area  fire.  The  paper  suggested  further  research  to  address 
multiple  types  of  munitions  and  area  fire. 

The  Capabilities  Assessment  Division  (CAD)  of  the  Force  Structure,  Research, 
and  Assessment  Directorate  (J-8)  of  the  Joint  Chiefs  of  Staff  sponsored  additional 
research,  which  led  to  the  publication  of  EDA  Papers  P-2249  and  P-2250.  These  papers 
present  a  comprehensive  structure  for  assessing  both  point  fire  and  area  fire  attrition  in 
theater-level  models,  where  the  attrition  assessment  can  consider  both  multiple  types  of 
weapons  and  multiple  types  of  munitions  for  the  two  sides  in  combat. 

Subsequently,  J-8/CAD  funded  the  development  of  computer  code  to  incorporate 
this  attrition  assessment  stnjcture  into  their  version  of  TACWAR.  This  incorporation  did 
not  remove  any  existing  capabilities  from  the  model.  Instead,  it  added  as  options 
capabilities  to  assess  ground  attrition  as  described  in  P-2249  and  P-2250.  The 
documentation  of  the  new  code  is  contained  in  IDA  Document  D-767,  and  an  annotated 
briefing  describing  this  code  is  given  in  IDA  Document  D-794. 

J-8  decided  not  to  incorporate  this  code  into  the  official  J-8  version  of  the 
TACWAR  model.  J-8  felt  that  its  analysts  did  not  fully  understand  the  existing  ground 
attrition  assessment  procedure  in  the  model.  Further,  J-8  felt  that  it  would  be  inappro¬ 
priate  to  add  new  attrition  assessment  procedures  to  the  model  until  its  analysts  had  a 
better  understanding  of  their  current  procedure. 

J-8  asked  IDA  for  a  numeric  example  of  the  current  ground  attrition  assessment 
procedure  which  would  help  its  analysts  understand  that  procedure  and  concomitantly 
help  them  evaluate  the  merits  of  the  new  attrition  structures  that  IDA  had  prepared.  The 


ES-1 


goal  of  this  paper  is  to  present  such  an  example  and  to  explain  the  current  ground  attrition 
assessment  procedure  in  terms  of  this  example. 

Given  this  goal,  two  issues  are  raised:  (1)  What  should  the  form  of  the  example 
be?  and  (2)  What  should  be  done  if  any  errors  in  the  code  are  found  in  the  course  of 
developing  this  example?  These  two  issues  are  discussed  in  the  next  two  sections  below. 

B.  THE  FORM  OF  THE  EXAMPLE 

In  coordination  with  representatives  from  J-8,  it  was  decided  to  structure  the 
example  as  follows.  The  example  would  be  complete  and  would  emphasize  the  attrition 
procedure,  but  it  would  not  be  full-featured.  That  is,  it  would  start  at  the  beginning  of 
Subroutine  GC  (ground  combat)  and  would  continue  through  the  end  of  that  subroutine; 
however,  certain  input  switches  would  be  set  so  that  certain  parts  of  the  code  of  GC 
would  not  be  exercised.  For  instance,  the  example  assumes  that  no  degradations  due  to 
supply  shortages  are  occurring,  and  the  relevant  switches  and  inventories  are  set 
accordingly.  The  example  also  assumes  that  no  degradation  due  to  possible  chemical  or 
tactical  nuclear  combat  is  occurring,  and  the  relevant  switches  and  data  are  set 
accordingly. 

It  also  was  decided  that  the  numeric  example  should  be  unclassified  and  relatively 
simple,  and  that  no  attempt  should  be  made  to  make  it  realistic.  Consequently,  the  goal  of 
this  paper  is  to  produce  an  example  that  will  help  a  reader  understand  the  calculations  and 
attrition  mechanisms  in  Subroutine  GC  of  J-8's  TACWAR,  not  to  test  whether  generally 
realistic  inputs  would  give  generally  realistic  outputs.  Similarly,  this  paper  does  not 
attempt  to  duplicate  by  hand  the  repetitive  nature  of  what  computers  can  do  in  terms  of 
taking  many  types  of  weapons  on  each  side  and  producing  page  after  page  of  numbers  as 
outputs.  Instead,  the  example  is  purposely  small  enough  so  that  every  calculation  could 
reasonably  be  made  using  only  pen,  paper,  and  a  hand  calculator.  Accordingly,  a  reader 
can  trace  each  and  every  calculation  as  it  is  described  here.  This  form  of  the  numeric 
example  is  quite  consistent  with  the  underlying  goal — to  enhance  understanding  of  the 
attrition  procedure  in  Subroutine  GC.  This  goal  of  achieving  enhanced  understanding 
means  that  the  relationship  between  the  numbers  in  the  example  and  the  corresponding 
part  of  the  code  is  more  important  than  the  individual  values  of  the  numbers  themselves. 
Thus,  in  addition  to  reporting  the  numeric  values  as  calculated  by  GC,  it  is  important  here 
to  explain  the  procedures  and  structures  used  in  the  attrition  portion  of  GC. 
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The  first  chapter  of  the  text  is  a  brief  introduction.  The  second  chapter  contains  a 
non-numeric  discussion  of  the  logic  and  structure  of  GC  with  emphasis  on  the  attrition 
calculations.  The  third  chapter  presents  the  numeric  example.  The  individual  sections  of 
the  third  chapter  frequently  contain  two  subsections;  the  first  discus..es  the  particular 
logic  and  rationale  for  any  nuances  in  the  calculations,  and  the  second  gives  and  discusses 
numeric  values  for  the  calculations  being  made. 

Thus,  this  paper  gives  more  than  just  a  numeric  example  of  the  attrition  calcula¬ 
tions  in  GC — it  also  gives  a  careful  explanation  of  those  calculations.  However,  it  is  not 
intended  to  be  a  documentation  of  Subroutine  GC.  This  paper  is  intended  to  supplement 
such  documentation  by  enhancing  understanding  of  the  attrition  calculations  of 
Subroutine  GC. 

C.  PROBLEMS  IN  THE  CODE 

Unlike  the  form  of  the  example,  which  was  carefully  decided  upon  in  close  coor¬ 
dination  with  representatives  of  J-8,  the  handling  of  problems  found  in  the  code  was  not 
considered  in  advance.  Not  surprisingly,  problems  were  found.  They  ranged  from  what 
could  be  called  stylistic  nuances  through  errors  that  could  significantly  affect  the  results 
of  the  model  if  the  section  of  the  code  containing  those  errors  were  entered  in  a  manner 
that  caused  the  errors  to  occur.  Owing  to  several  factors,  including  the  goal  of  enhancing 
understanding  of  the  current  calculations,  the  time  constraints  involved,  and  the  fact  that 
these  problems  were  uncovered  on  a  piecemeal  basis,  the  project  deemed  it  inappropriate 
to  divert  significant  effort  from  preparing  and  explaining  the  numeric  example  in  order  to 
prepare  a  critical  review  of  GC.  Instead,  problems  are  discussed  as  part  of  the  discussion 
of  the  code,  not  in  a  comprehensive  but  separate  discussion. 

Discussing  problems  in-line  with  explanations  of  the  code  inhibits  extensive 
discussions  of  alternative  corrections.  Fortunately,  for  each  problem  that  has  the  potential 
to  be  computationally  significant,  there  seems  to  be  at  least  one  solution  or  fix  which  is 
very  easy  to  implement.  It  is  important  to  note  that  not  all  of  these  quick  and  easy-to- 
implement  solutions  are  necessarily  the  best  solutions,  but  each  possible  problem  has  at 
least  one  easy-to-implement  solution  that  could  be  used. 
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I.  INTRODUCTION 


Each  version  of  TACWAR  is  a  FORTRAN  computer  program  intended  to  model 
ground  and  air  combat  throughout  a  theater  of  warfare,  where  this  combat  can  include 
conventional,  tactical  nuclear,  and  chemical  combat  Conventional  ground  combat  in  the 
model  is  (currently)  modeled  by  its  Subroutine  GC.  The  primary  purpose  of  this  paper  is 
to  explain  how  Subroutine  GC  determines  attrition  to  ground  weapons  systems  in  the 
current  J-8  version  of  TACIWAR.  A  listing  of  the  current  J-8  version  of  Subroutine  GC  is 
given  in  the  Appendix  and  is  used  to  discuss  the  subroutine  in  detail  below. 

Some  introductory  notes  may  facilitate  the  reading  of  this  paper.  First,  the 
explanations  in  the  body  of  this  paper  apply  to  the  current  J-8  version  of  TACWAR,  not 
necessarily  to  previous  versions  or  to  any  IDA  version  of  TACWAR.^  Second,  the 
explanations  here  concern  only  Subroutine  GC;  no  other  part  of  the  model  is  discussed. 
Third,  future  expansion  of  the  model  might  also  allow  modeling  conventional  ground 
combat  using  Subroutine  GC90  instead  of  Subroutine  GC;  the  explanations  here  apply  to 
GC,  not  to  GC90.  Fourth,  the  fact  that  Subroutine  GC  is  being  described  here  does  not 
imply  that  the  use  of  Subroutine  GC  is  being  recommended.  See  References  [1],  [2],  and 
[3]  for  further  discussion  of  the  relationship  between  Subroutine  GC  and  Subroutine 
GC90.  Fifth,  the  model  simulates  combat  as  occurring  over  multiple  time  periods  (or, 
equivalently,  cycles)  where  the  number  of  time  periods  to  be  simulated,  NCYCLE,  is  an 
input.  Currently  Subroutine  GC  is  called  exactly  once  for  each  time  period  simulated  by 
Program  TACWAR,  which  is  the  (main)  program  of  J-8’s  TACWAR  model.  This 
structure  should  be  kept  in  mind  when  reading  the  explanations  below.  Sixth,  somewhat 


1  NOTICE:  Throughout  this  paper,  the  words  "current”  and  "currently,"  when  applied  to  J-8’s 
TACWAR  or  to  any  part  of  the  TACWAR  code,  mean  "current  as  of  September  18,  1990."  Clearly, 
the  code  can  be  changed  over  time.  In  particular,  it  is  likely  and  quite  reasonable  that,  as  this  paper  is 
being  reviewed  and  prepay  for  publication,  the  model  will  be  changed  to  address  at  least  some  of  the 
problems  described  herein.  Indeed,  this  paper  urges  that  these  errors  be  addressed  immediately. 
Modification  should  not  be  deferred  until  this  paper  is  fully  reviewed  and  published.  Recognizing  that 
the  process  of  correcting  errors  may  be  incomplete  by  the  time  this  paper  is  fully  reviewed  and 
published,  and  that  code  changes  in  the  meantime  may  introduce  new  errors,  this  paper  identifies  errors 
in  relation  to  the  code  in  the  Appendix  so  that  a  potential  user  of  the  model  can  compare  the  code 
being  considered  for  use  with  the  code  in  the  Appradix  to  see  which  errors  have  been  addressed,  how 
they  were  addressed,  which  errors  remain,  and  which  parts  of  the  code  differ  and  so  should  be  checked 
for  other  (though  perhaps  related)  errors. 
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short  English-language  definitions  of  all  input  variables  and  arrays  and  of  selected 
working  variables  and  arrays  are  given  in  References  [4]  and  [5],  respectively,  and  it  may 
be  useful  to  have  a  copy  of  these  references  available  when  reading  the  explanations 
below. 

The  approach  taken  below  may  be  summarized  as  follows.  First,  while  all  of  the 
code  of  GC  is  described  in  general,  only  selected  portions  of  it  are  discussed  in  detail. 
For  example,  it  is  assumed  here  that  combat  is  to  be  simulated  as  if  both  sides  had 
adequate  supplies  (i.e.,  the  input  value  for  ISEFFD  is  assumed  to  be  3).  Thus,  the 
portions  of  the  code  of  GC  that  deal  with  supply  shortages  are  generally  summarized  by 
simply  pointing  out  this  fact.  The  reader  interested  in  obtaining  a  full  understanding  of 
GC,  including  supply  shortages,  could  use  the  description  here  to  obtain  a  basic 
understanding  of  GC,  and  then  could  examine  the  code  (or  ask  experienced  analysts)  for 
more  information. 

Second,  the  operations  of  GC  are  illustrated  using  a  simple  numeric  example.  As 
just  noted,  this  example  assumes  that  no  degradations  due  to  supply  shortages  are 
occurring  (ISEFFD  =  3).  Other  simplifying  features  of  the  example  are  as  follows: 

•  Only  two  different  types  of  ground  weapons  on  each  side  are  represented 
(NW(L)  =  2). 

•  Only  nonpreferred  munitions  are  represented  (ISMUS(L)  =  0  and 
NSM(L)  =  0). 

•  Only  one  type  of  aircraft  carrying  only  one  type  of  air-to-ground  munition  is 
represented  (NAC(L)  =  NAM(L)  =1). 

•  No  surface-to-surface  missile  systems  are  represented  (NSSM(L)  = 
NMM(L)  =  0). 

•  Only  one  sector  of  combat  is  represented  (NS  =  1). 

•  Posture  and  terrain  considerations  are  greatly  simplified. 

•  Multidivisional  considerations  and  considerations  concerning  distances  from 
the  front  and  weapons  being  allowed  on  the  front  are  greatly  simplified. 

•  No  degradation  due  to  possible  chemical  or  tactical  nuclear  combat  is 
considered  (lOMU  =  5). 

A  full  set  of  numeric  calculations  is  given,  however,  for  those  aspects  of  GC  that 
are  considered.  That  is,  sample  (but  entirely  hypothetical)  numeric  values  for  all  of  the 
required  inputs  are  postulated,  and  the  resulting  numeric  values  of  all  major  working 
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variables  and  arrays  are  given.  Interested  readers  could  consider  this  numeric  example  as 
a  base  upon  which  to  build  a  better  understanding  of  J-8's  TACWAR. 

Finally,  while  the  results  that  would  be  obtained  under  several  different  options 
arc  described,  only  some  (not  all)  possible  options  are  considered.  For  example,  the 
discussion  describes  neither  the  calculations  and  results  for  options  invoked  by  setting  the 
value  of  the  input  variable  MVCASO  to  2  or  3  nor  the  impact  on  the  output  of  various 
print  options. 

The  discussion  of  Subroutine  GC  is  organized  as  follows.  Chapter  11  subdivides 
the  code  of  Subroutine  GC  (given  in  the  Appendix)  into  parts  and  sections  and  discusses 
the  logic  of  those  parts  and  sections,  but  it  does  not  discuss  the  numeric  example. 
Chapter  III  presents  the  numeric  example  in  terms  of  relevant  variables  and  arrays 
according  to  those  parts  and  sections.  Accordingly,  a  reader  may  occasionally  (or 
regularly)  want  to  skip  back  and  forth  among  the  corresponding  parts  and  sections  of 
Chapters  n  and  HI,  the  code  in  the  Appendix,  and  the  definitions  of  variables  and  arrays 
given  in  [4]  and  [5]. 
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n.  DISCUSSION  OF  SUBROUTINE  GC 


Subroutine  GC  is  relatively  long.  The  code  of  GC  listed  in  the  Appendix  consists 
of  2,393  statement  lines  (of  which  166  are  continuation  lines)  and  925  comment  lines  (of 
which  252  are  essentially  blank,  and  well  over  one  third  of  the  remaining  673  comment 
lines  are  "commented-out  dead  code"  which  should  be  removed).  Thus,  in  total,  that  code 
is  3,318  lines  long  (counting  each  included  file  as  only  one  line,  and  counting  all  of  the 
comment  lines,  meaningful  or  not).  As  the  line  numbers  in  the  Appendix  indicate,  if  the 
lines  in  the  included  files  are  also  counted,  GC  is  4,783  lines  long  (i.e.,  there  are  1,465 
lines  in  those  included  files). 

One  way  to  discuss  long  code  is  to  divide  it  into  sections  and  to  organize  the 
discussion  according  to  those  sections — this  is  done  here.  There  are  many  very  different 
ways  to  subdivide  the  GC  code,  and  no  one  way  is  inherently  superior  to  all  others  for  all 
purposes.  For  the  purposes  here,  the  code  of  GC  in  the  Appendix  is  subdivided  into  10 
parts  (labeled  from  Part  A  through  Part  J),  which  in  turn  are  subdivided  into  two  or  more 
sections  for  a  total  (over  all  parts)  of  48  sections.  These  subdivisions  are  defined  using 
the  line  numbers  listed  in  the  Appendix,  and  the  particular  line  numbers  that  bound  these 
subdivisions  are  given  on  Table  II- 1. 

A.  PART  A  (LINES  1-1762) 

Subroutine  GC  is  called  by  Program  TACWAR  once  for  each  time  period  (i.e., 
cycle)  being  simulated.  Most  of  the  code  of  GC  is  contained  inside  a  very  long  do-loop 
over  sectors  (Parts  B  through  I  comprise  this  do-loop).  Part  A  consists  of  the  code  from 
the  first  line  of  GC  up  to  the  start  of  this  do-loop. 

1.  Section  1  (Lines  1-1613) 

Section  1  consists  of  the  subroutine  statement,  the  specification  statements  (many 
of  which  are  in  the  included  files),  and  some  (initial)  comment  lines.  This  "front  matter" 
is  generally  necessary  but  not  particularly  informative  for  an  introductory  look  at  GC. 


Table  11-1.  A  Subdivision  of  Subroutine  GC  Into  Parts  and  Sections 


Code 

Text 

Part 

Lines 

SecHon 

Lines 

Section 

A 

0001-1762 

1 

0001-1613 

Ai 

2 

1614-1665 

A2 

3 

1666-1740 

A3 

4 

1741-1762 

A4 

B 

1763-1941 

5 

1763-1806 

B1 

6 

1807-1896 

B2 

7 

1897-1941 

B3 

C 

1942-3040 

8 

1942-1945 

Cl 

9 

1946-1992 

C2 

10 

1993-2010 

C3 

11 

2011-2132 

C4 

12 

2133-2166 

C5 

13 

2167-2210 

C6 

14 

2211-2293 

C7 

15 

2294-2542 

C8 

16 

2543-2577 

C9 

17 

2278-2638 

CIO 

18 

2639-2697 

C11 

19 

2698-2911 

Cl  2 

20 

2912-3017 

C13 

21 

3018-3040 

C14 

D 

3041-3249 

22 

3041-3115 

D1 

23 

3116-3249 

D2 

E 

3250-3942 

24 

3250-3397 

El 

25 

3398-3605 

E2 

26 

3606-3640 

E3 

27 

3641-3771 

E4 

28 

3772-3803 

E5 

29 

3804-3891 

E6 

30 

3892-3942 

E7 

F 

3943-4168 

31 

3943-3953 

FI 

32 

3954-4075 

F2 

33 

4076-4168 

F3 

G 

4169-4239 

34 

4169-4210 

G1 

35 

4211-4239 

G2 

H 

4240-4328 

36 

4240-4309 

HI 

37 

4310-4328 

H2 

1 

4329-4598 

38 

4329-4358 

11 

39 

4359-4370 

12 

40 

4371-4426 

13 

41 

4427-4501 

14 

42 

4502-4565 

15 

43 

4566-4598 

16 

J 

4599-4783 

44 

4599-4607 

J1 

45 

4608-4673 

J2 

46 

4674-4702 

J3 

47 

4703-4723 

J4 

48 

4724-4783 

J5 
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Sections  2,  3,  and  4  consist  of  the  executable  statements  and  related  comment 
lines  between  the  specification  statements  and  the  start  of  the  huge  do-loop  over  sectors 
mentioned  ’Hove.  Some  of  the  calculations  made  here  are  important  for  a  first  look  at 
GC;  others  not. 

2.  Section  2  (Lines  1614-1665) 

Lines  1614  through  1630  concern  which  side  is  labeled  as  being  the  probable 
sector  attacker.  Some  problems  here  are  as  follows.  The  statement  on  line  1620  is  wrong 
(instead,  L  should  be  set  equal  to  ISAT(ISA(IS),IS)),  and  the  use  of  ICSA  on  line  1621  is 
inconsistent  with  its  use  elsewhere  in  the  code — and  these  uses  are  generally  inconsistent 
with  reasonable  interpretations  of  the  definition  of  ICSA  in  Reference  [4].  For  the 
purposes  here,  assume  that  Side  1  is  the  probable  sector  attacker  and  also  will  (in  Section 
27)  be  declared  to  be  the  "actual"  sector  attacker,  and  assume  that  the  posture  in  Sector  1 
for  the  initial  value  of  FEBA(l)  is  posture  type  1. 

Lines  1631  through  1640  concern  printing  outputs. 

Lines  1641  through  1665  concern  surface-to-surface  missile  systems  (SSMs).  For 
the  purposes  here,  assume  that  no  SSMs  are  involved  on  either  side. 

3.  Section  3  (Lines  1666-1740) 

From  a  sufficiently  abstract  point-of-view,  the  ground  combat  attrition  structure  is 
quite  simple:  it  allocates  fire  to  targets  by  type  of  target,  it  calculates  attrition  due  to  this 
fire,  and  then  it  (optionally)  scales  this  calculated  attrition.  Lines  1666  through  1740 
concern  (a  portion  oO  the  calculation  of  the  allocation  of  fire. 

The  basic  logic  is  as  follows.  Suppose,  for  example,  that  anti-armor  weapons 
generally  prefer  to  shoot  at  enemy  tanks  but  sometimes  may  shoot  at  armored  personnel 
carriers  (APCs)  because  — 

•  Occasionally  one  or  more  APCs  may  be  between  any  engageable  tank  and  the 
shooting  weapon  in  question. 

•  An  APC  may  be  imminently  threatening  that  shooting  weapon  (or  another 
weapon  on  its  side). 

•  The  shooting  weapon  may  have  a  "safe"  shot  against  an  APC,  but  (moving 
and)  shooting  at  a  tank  would  expose  it  to  enemy  fire. 
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•  The  relative  locations  and  orientations  are  such  that  the  shooting  weapon  may 
have  a  much  better  shot  at  an  APC  than  it  has  at  any  tank. 

•  The  particular  tactical  situation  may  (temporarily)  make  an  APC  a  much 
more  valuable  target  than  the  tanks  that  are  present — e.g.,  the  APC  is 
occupying  an  important  piece  of  terrain,  or  the  APC  is  full  of  fresh  troops  and 
supplies. 

In  addition,  while  it  is  the  case  that  if  the  enemy  force  were  to  consist  of  almost  all 
tanks  and  almost  no  APCs,  then  almost  all  fire  would  be  directed  against  tanks;  it  also 
must  be  the  case  that  if  the  enemy  force  consisted  of  almost  all  APCs  and  almost  no 
tanks,  then  almost  all  fire  would  be  directed  against  APCs. 

To  construct  a  simple  example,  suppose  that  a  certain  type  of  shooting  weapon 
generally  prefers  to  fire  at  tanks,  but  occasionally  will  fire  at  APCs.  Suppose  also  that  the 
allocation  of  fire  of  the  shooters  against  these  two  types  of  targets  varies  as  the  relative 
numbers  of  these  two  types  vary.  In  particular,  suppose  it  is  known  that  if  2  enemy  tanks 
and  2  enemy  APCs  were  present,  then  a  shooting  weapon  of  that  type  would,  on  average, 
make  two-thirds  of  its  engagements  against  tanks  and  one-third  of  its  engagements 
against  APCs.  Given  this  knowledge,  what  should  the  model  estimate  the  allocation  of 
fire  to  be  if  1  enemy  tank  and  2  enemy  APCs  are  present,  and  what  should  this  estimate 
be  if  4  enemy  tanks  and  2  enemy  APCs  are  present?  A  graphic  representation  of  this 
example  appears  below. 
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then  what  should  xj  and  X2  be  for 


n-4 


TANK 


and  what  should  yi  and  y2  be  for 


SHOOTER 


Obviously,  there  is  no  single  correct  answer  to  this  question  that  covers  all  special  cases; 
but  reasonable  (on  average)  values  would  appear  to  be  as  follows: 

Xi  =  l/2 

X2  =  1/2, 

and 

yi=4/5 

y2  =  1/5. 

That  is,  if  a  shooter  is  twice  as  likely  to  shoot  at  tanks  than  at  APCs  when  they  are  present 
in  equal  numbers,  then  that  shooter  is  equally  likely  to  shoot  at  tanks  as  at  APCs  when 
there  are  twice  as  many  APCs  as  there  are  tanks  present,  and  it  is  four  times  as  likely  to 
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shoot  at  tanks  than  at  APCs  when  there  are  twice  as  many  tanks  as  there  are  APCs 
present. 

Detailed  discussions  of  various  aspects  of  this  method  for  determining  allocation 
of  fire  can  be  found  in  several  references:  [6,  Chapter  U],  [7,  pages  98  through  100],  [8, 
pages  31  and  32],  [9,  pages  42  and  43,  and  53  and  54],  [10,  pages  4  through  8],  and  [1 1, 
pages  ni-l  through  113-9]. 

Basically,  however,  this  allocation-of-fire  method  only  does  the  following.  It 
takes  as  input  some  typical  allocation  against  some  typical  force,  and  then  computes  a 
particular  allocation  against  the  particular  force  present  in  a  manner  that  is  consistent  with 
those  inputs  and  with  the  following  property:  the  more  heavily  represented  any  type  of 
weapon  is  in  a  force,  the  more  fire  that  type  of  weapon  will  draw  (in  total,  not  per  weapon 
of  that  type  present),  and  vice  versa. 

This  calculation  of  allocation-of  fire  can  be  divided  into  two  steps.  In  the  first 
step,  the  input  allocation  against  the  input  typical  force  is  converted  to  a  per-target- 
weapon  allocation  (i.e.,  the  allocation  that  would  "theoretically"  apply  if  there  were  one 
weapon  of  each  type  present  in  the  target  force).  The  second  step  converts  the  per-target- 
weapon  allocation  into  the  allocation  to  be  used  against  the  particular  force  in  question. 
This  two-step  approach  is  unnecessary,  but  it  is  embedded  in  J-8’s  TACWAR  code  in  that 
lines  1666  through  1740  address  this  first  step  (for  nonpreferred  munitions),  while  the 
second  step  is  considered  much  later  in  the  code  (e.g.,  for  ground  weapons,  on  lines  2141 
through  2165  in  Step  10). 

4.  Section  4  (Lines  1741-1762) 

Lines  1741  through  1752  simply  initialize  some  arrays  that  involve  sums  of  data 
over  aU  sectors,  and  so  must  be  initialized  before  the  sector  loop. 

Lines  1753  through  1755  concern  lines  1764  through  1779  in  code  Section  5  (Part 
B) — they  have  nothing  to  do  with  the  executable  code  in  Part  A. 

There  are  several  arguments  against  giving  the  input  MVCASO  a  value  of  zero,  as 
discussed  in  References  [2]  and  [12].  Lines  1756  through  1762  provide  another  reason 
why  MVCASO  should  not  be  zero.  In  particular,  MVCASO  =  0  scales  simulated  attrition 
using  a  force  ratio.  For  interdiction,  there  is  no  force  ratio.  Instead,  the  model  uses 
unweighted  averages  of  essentially  arbitrary  combat  data  to  generate  scale  factors  for 
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interdiction.  These  lines  are  used  to  generate  a  scaling  factor  even  if  no  combat  is 
occurring. 

B.  Part  B  (Lines  1763.1941) 

As  noted  above,  much  of  GC  is  contained  in  a  huge  do-loop  over  sectors.  From  a 
broad  perspective,  for  each  sector  this  loop  (a)  calculates  kill-rate  matrices,  (b)  calculates 
weapons  systems  scores,  (c)  simulates  attrition,  <d)  optionally  scales  that  simulated 
attrition,  and  (e)  assesses  the  (optionally  scaled)  attrition.  From  a  slightly  narrower 
perspective,  this  loop  can  be  further  subdivided,  and  Parts  B  through  I  form  a  slightly 
finer  subdivision  of  this  loop.  In  particular.  Part  B  performs  some  initial  calculations  for 
the  sector  in  question,  then  Part  C,  which  consists  entirely  of  a  long  do-loop  over  side, 
computes  kill-rate  matrices  based  on  various  inputs  and  on  the  results  of  the  initial 
calculations.  Accordingly,  Part  B  runs  from  the  start  of  the  huge  do-loop  over  sectors  to 
the  start  of  the  long  do- through- 1050  loop  over  side. 

1.  Section  5  (Lines  1763.1806) 

Line  1763  starts  this  (very)  long  do-loop  over  side. 

Lines  1764  through  1779  set  IHOLD(L)  and  IDRAW(IS,L)  to  0,  and  then  can 
reset  them  if  the  index  to  nuclear  combat  mode  ICMST(IS,L)  is  not  zero.  The  example  in 
Chapter  HI  assumes  that  ICMST(IS,L)  is  zero.  However,  note  that  lines  1771  and  1773 
appear  to  be  wrong,  causing  this  code  to  produce  erroneous  results  if  ICMST(IS,L)  is  not 
zero.  Lines  1780  through  1786  write  IHOLD  and  IDRAW  to  an  output  file. 

With  one  exception,  lines  1787  through  1802  are  comment  lines — line  1797  sets 
the  index  of  terrain  type  KTI.  See  Point  (7)  of  (text)  Section  2,  below,  for  a  discussion  of 
an  apparently  significant  error  related  to  line  1797. 

Line  1803  selects  a  side  to  be  the  proposed  sector  attacker.  Roughly  speaking, 
the  proposed  sector  attacker  is  given  first  choice  as  to  whether  it  wants  to  attack  or  not, 
and  it  is  required  to  attack  (even  if  it  doesn't  want  to)  if  the  other  side  (also)  doesn’t  want 
to  attack. 

Lines  1804  through  1806  use  the  array  ICSA(IS)  to  make  a  potentially  important 
assumption  concerning  posture  under  a  particular  set  of  conditions.  (Some  aspects  of  the 
way  that  the  model  considers  posture  will  be  discussed  further  below.)  For  the  purposes 
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here,  assume  that  these  conditions  are  not  occurring — in  particular,  assume  that  ICSA(IS) 

=  1. 

These  calculations,  including  the  determination  of  which  side  is  to  be  the  sector 
attacker,  can  have  a  major  impact  on  the  results  of  the  model  (in  general)  and  of  GC  (in 
particular).  The  impact  on  GC  is  largely  in  terms  of  determining  which  data  are  to  be 
used  in  the  attrition  calculations,  not  in  determining  how  the  calculations  are  made  given 
the  data.  Thus,  while  it  is  necessary  to  understand  these  calculations  in  order  to 
understand  TACWAR,  it  is  not  necessary  to  understand  them  in  order  to  understand  the 
details  of  the  simulation  of  attrition  in  GC. 

2.  Section  6  (Lines  1807-1896) 

The  primary  goal  of  Section  6  is  to  subdivide  the  ground  weapons  in  the  sector 
into  two  groups:  (1)  those  with  the  capability  both  to  engage  some  enemy  ground 
weapons  and  to  be  engaged  by  some  enemy  ground  weapons,  and  (2)  those  that  can 
neither  engage  enemy  ground  weapons  nor  be  engaged  by  enemy  ground  weapons.  All  of 
these  ground  weapons  can  be  engaged  by  enemy  aircraft  and  SSMs  and,  in  GC,  none  of 
these  ground  weapons  can  engage  enemy  aircraft  and  SSMs.  As  shown  in  the  following 
tabulation,  the  number  of  ground  weapons  that  can  engage  only  "vulnerable"  energy 
ground  weapons  but  are  vulnerable  to  both  enemy  air  and  ground  weapons  is  computed  as 
WSI  (IW,  IS,  L),  and  the  number  of  ground  weapons  that  cannot  engage  any  enemy 
ground  weapons  but  are  vulnerable  to  enemy  air  weapons  is  calculated  as  WS  (IW,  L) 
minus  WSI  (IW,  IS,  L).  The  total  number  of  ground  weapons  of  type  IW  on  side  L 
considered,  WS  (IW,  L),  is  an  implicit  function  of  IS  in  rhe  code. 
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Vulnerability  of  Ground  Weapons  as  Targets 

Capability  of 
Ground  Weapons 
as  Shooters 

Vulnerable  to 
enemy  air  and 
ground  weapons 

Vulnerable  only 
to  enemy  air 
weapons 

Not  Vulnerable 

Total 

Can  engage  ail 

nc 

nc 

enemy  ground 
weapons 

Can  engage  only 

nc 

nc 

"vulnerable" 
enemy  ground 
weapons 
Cannot  engage 

WSI 

nc 

nc 

WSI 

any  enemy 

ground 

weapons 

nc 

WS  minus  WSI 

nc 

\NS  minus  \NS\ 

TOTAL 

WSI 

WS  minus  WSI 

nc 

WS 

nc  s  not  computed 

3.  Section  7  (Lines  1897-1941) 

Section  7  sets  some  initial  values  for  worV’ng  arrays  prior  to  the  upcoming  do- 
loop  over  side  which  constitutes  Part  C.  After  initializing  these  arrays,  it  skips  to  the  end 
of  the  do-loop  over  sector  if  there  are  no  ground  weapons  present  •'n  one  or  the  other  (or 
both)  of  the  sides  (line  1930).  It  also  skips  to  the  start  of  Section  15  if  MVCASO  =  2  and 
ICYCLE  >  1;  however,  note  that  MVCASO  =  2  causes  allocations  of  fire  to  be 
determined  by  forces  that  are  not  there  (see  Reference  [12]  for  details). 


C.  PART  C  (LINES  1942-3040) 

Part  C  consists  of  the  long  do-loop  over  side  that  starts  at  line  1942  and  ends  at 
line  3040.  Because  this  loop  is  so  large,  it  is  divided  into  14  sections  for  the  discussion 
here.  The  main  purpose  of  this  loop  is  to  calculate  the  kill  rate  matrices 
PWAKW(IWJW,L)  and  PWDKW(IWJW,L),  which  is  done  in  Section  18  (lines  2639- 
2997).  These  rates  can  be  adjusted  (for  artillery  and  helicopters)  in  Section  21  Oines 
3018-3040). 

1.  Section  8  (Lines  1942-1945) 

Line  1942  starts  the  do- loop  over  side,  where  L  denotes  the  side  in  question.  Line 
1943  sets  n  to  denote  the  other  side.  Lines  1944  and  1945  could  be  deleted,  and  the 
inputs  NW(L)  and  NW(II)  could  be  used  directly  where  needed. 
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2.  Section  9  (Lines  1946-1992) 


This  section  concerns  only  the  possible  use  of  preferred  munitions,  a  detailed 
discussion  of  which  is  beyond  the  intended  purposes  of  this  paper. 

3.  Section  10  (Lines  1993-2010) 

This  section's  sole  purpose  is  to  set  posture  indices. 

4.  Section  11  (Lines  2011-2132) 

This  section  consists  entirely  of  the  implementation  of  a  really  bad  idea. 
Basically,  this  idea  is  to  input  allocations  of  fire  by  groups  of  types  of  weapons  instead  of 
just  by  types  of  weapons.  This  approach  is  inefficient  in  that  it  requires  extra  code  (e.g., 
this  section),  it  requires  extra  inputs  (the  grouping  structure  must  be  input  as  well  as  the 
assignment  of  types  to  groups),  it  requires  extra  running  time  (e.g.,  to  run  this  section),  it 
requires  extra  storage  space  (both  the  input  allocations  by  group  and  the  resulting  alloca¬ 
tions  by  type  must  be  stored),  it  limits  flexibility  (if  two  different  types  of  weapons  are  in 
the  same  group,  one  cannot  be  preferentially  engaged  over  the  other),  and  it  adds  no 
additional  capabilities  (anything  that  can  be  done  by  weapon  groups  can  also  and  more 
easily  be  done  by  weapon  types).  All  it  does  is  to  add  an  unnecessary  layer  of  complexity 
which  impedes  understanding  the  allocation  process.  This  section  of  code  should  be 
eliminated.  But  in  the  meantime,  the  input  LNKWPT  should  be  set  so  that 
LNKWPT(rW,L)  =  IW  for  all  IW  and  both  L.  If  this  is  done,  then  PWIC  is  always  equal 
to  1.0,  and  this  section  of  the  code  does  nothing  but  set  each  element  of  the  arrays 
SAWA,  SAWD,  BBFRASM,  BBFRDSM,  RRFRASM,  RRFRDSM,  SSAWA,  SSAWD, 
SSAWWA,  and  SSAMMD  equal  to  the  corresponding  element  in  BSAWA,  BSAWD, 
RSAWA,  RSAWD,  BFRASM,  BFRDSM,  RFRASM,  RFRDSM,  SAMA,  SAMD,  and 
SAMMA,  and  SAMMD. 

5.  Section  12  (Lines  2133-2166) 

Lines  2133  to  2140  (and  2166)  concern  the  option  to  set  MVCASO  =  3.  This 
option,  like  MVCASO  =  2,  causes  allocations  of  fire  to  be  specified  by  forces  which  are 
not  there. 

Lines  2141  through  2165  complete  the  allocation  of  fire  computations  for  ground 
weapons  started  on  lines  1666  through  1716  of  Section  3.  At  this  point  in  the  code  (i.e., 
at  line  2165),  AAWA(JW,rW,n)  gives  the  allocation  of  fire  of  ground  weapons  of  type 
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JW  on  Side  n  over  all  types  of  munitions  if  Side  n  is  to  be  the  attacker  (and  AAWD  is 
the  same  for  Side  n  on  defense).  Later  (in  Section  16),  the  fraction  of  the  engagements 
against  enemy  weapons  of  type  IW  that  are  made  using  preferred  munitions  are 
subtracted  from  AAWA  and  AAWD;  so  after  that  section,  AAWA(JW,IW,n)  and 
AAWD(JW4W,n)  give  the  fraction  of  the  engagements  made  by  ground  weapons  of  type 
JW  on  side  II  that  are  made  against  enemy  weapons  of  type  IW  using  nonpreferred 
munitions. 

6.  Section  13  (Lines  2167-2210) 

This  section  does  nothing  but  set  the  elements  of  the  arrays  EERTA  and  EERTD 
equal  to  the  corresponding  elements  of  the  input  arrays  ERTA  and  ERTD.  Since  EERTA 
and  EERTD  are  then  used  without  modification,  this  code  should  be  deleted  and  (instead) 
ERTA  and  ERTD  should  be  used  throughout.  Note  that  line  2170  is  a  comment  line  (not 
a  statement  line)  that  serves  no  purpose,  as  are  lines  2177  through  2210.  These  comment 
lines  (i.e.,  all  of  this  "dead  code")  could  be  deleted. 

7.  Section  14  (Lines  2211-2293) 

Like  Section  9  (Lines  1946-1992),  this  section  concerns  only  the  possible  use  of 
preferred  munitions,  a  detailed  discussion  of  which  is  beyond  the  intended  purposes  of 
this  paper. 

8.  Section  15  (Lines  2294-2542) 

This  section  consists  of  nothing  but  "dead  code,"  which  could  be  deleted. 

9.  Section  16  (Lines  2543-2577) 

While  the  details  of  the  simulation  of  preferred  munitions  are  beyond  the  intended 
purposes  here,  one  general  point  may  be  worth  noting.  Looking  at  Subroutine  GC,  one 
might  ask  what  the  important  differences  are  between  the  way  it  simulates  preferred 
munitions  and  the  way  it  simulates  nonpreferred  munitions.  It  appears  that  there  are 
none.  That  is,  while  the  data  entered  could  be  significantly  different,  and  while  there  are 
some  differences  in  the  code  concerning  the  type  of  data  that  can  be  entered  and  the  way 
that  the  data  are  used,  these  code  differences  between  the  treatment  of  preferred 
munitions  and  the  treatment  of  nonpreferred  munitions  seem  to  be  quite  minor. 
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Given  the  basic  equivalence  of  this  code,  a  significant  simplification  can  be 
achieved  by  essentially  deleting  all  coding  distinctions  between  preferred  munitions  and 
nonpreferred  munitions,  and  (instead)  just  simulating  multiple  types  of  munitions  for  each 
type  of  ground  weapon.  This  can  be  done  relatively  easily,  for  example,  by  incrementing 
the  value  of  NSM(L)  by  one  (i.e.,  NSM(L)  <—  NSM(L)  +  1)  for  both  L,  then  playing  the 
first  (new)  type  of  munition  as  nonpreferred  munitions  and  playing  the  i^  (new)  type  of 
munition  using  the  same  stockage  levels  and  effectiveness  parameters  as  the  i-minus-1^ 
(old)  type  of  preferred  munition  for  i  =  2  through  one  plus  the  old  value  of  NSM(L)  for 
bothL.  For  example: 

New  Old 

Data  Data 

NSM(L)  «-  NSM(L)+1 

BPKASM(IW,JW,ISM+1)  <-  BPKASM(IW,JW,ISM) 

BPKASM(IW,JW,1)  <-  BPKAW(IW,JW,1) 

BFRASM(IW,JW,ISM+1)  <-  BFRASM(IW,JW,ISM) 

NSM(L) 

BFRASM(IW,JW,1)  4-  1.0-5^  BFRASM(IWJW,ISM) . 

ISM=1 

One  of  the  simplifications  that  would  result  from  this  conversion  is  that  all  of 
Section  16  would  be  deleted. 

10,  Section  17  (Lines  2578-2638) 

As  discussed  in  References  [2],  [11],  [13],  and  [14],  three  fundamental  parameters 
concerning  the  calculation  of  attrition  for  (one-sided)  heterogeneous  point  fire  are: 
(7)  the  engagement  rates  of  the  various  types  of  shooters,  (2)  the  allocation  of  fire  of 
various  types  of  shooters  against  the  various  types  of  targets,  and  (3)  the  probability  of 
kill  of  the  various  types  of  targets  by  the  various  types  of  shooters.  Of  the  many  attrition 
formulas  presented  in  those  references,  exactly  one  (Lanchester)  has  the  property  that 
engagement  rates  and  probabilities  of  kill  always  appear  as  factors  of  each  other.  This 
one  attrition  formula  is  the  only  one  used  in  GC  to  compute  (simulated)  losses,  and  these 
lines  calculate  the  products  of  these  factors. 


11.  Section  18  (Lines  2639-2697) 

Not  only  are  the  Lanchester  formulas  the  only  ones  in  which  engagement  rates 
and  probabilities  of  kill  always  appear  as  factors  of  each  other,  these  formulas  are  the 
only  ones  that  have  the  property  that  all  three  parameters  (engagement  rates,  probabilities 
of  kill,  and  allocations  of  tire)  always  appear  as  factors  of  each  other.  Accordingly,  this 
section  multiplies  the  third  factor  (allocation  of  tire)  by  the  product  of  the  other  two  (as 
computed  in  Section  10)  to  give  the  overall  product  (i.e.,  the  kill  rate)  for  each 
"class/type"  of  munition.  Summing  the  kill  rate  for  the  one  generic  type  of  nonpreferred 
muiution  with  the  kill  rates  for  each  of  the  preferred  types  of  munitions  gives  the  per- 
shooter  kill  rate  (over  all  of  the  types  of  munitions  being  used)  for  each  type  of  shooter 
against  each  type  of  target.  With  one  class  of  exceptions  (discussed  in  Section  21),  these 
overall  kill  rates  are  calculated  at  the  end  of  Section  18. 

It  should  be  noted  that  computing  kill  rates  as  the  product  of  these  three  factors  is 
not  the  only  (or  even  the  best)  way  to  do  so.  See  References  [3]  and  [15]  for  discussions 
of  other  methods  and  for  general  recommendations. 

12.  Section  19  (Lines  2698-2911) 

This  section  only  writes  selected  results  to  output  tiles,  if  desired.  It  performs  no 
substantive  calculations. 

13.  Section  20  (Lines  2912-3017) 

This  section  performs  some  relatively  simple  calculations  and  raises  some  poten¬ 
tially  important  issues. 

The  computations  are  almost  straightforward.  The  reason  for  the  "almost"  is  that 
calculations  made  in  Section  20  assume  that  ISAT(ISA(IS),IS)  gives  the  side  on  attack  in 
the  sector.  In  general,  however,  ISAT  gives  the  side  that  last  attacked  in  that  sector  and 
that  therefore  will  likely,  but  not  necessarily,  be  the  side  that  will  attack  during  the  current 
time  period.  Since  ISAT  does  not  necessarily  give  the  side  that  will  attack,  this  code 
could  be  wrong.  In  addition  to  occurring  here,  this  potential  problem  occurs  on  lines 
1804,  1814,  2004,  2924,  3094,  and  3282,  and  the  corresponding  problem  concerning 
ISA(IS)  definitely  occurs  on  lines  1620,  3924,  and  4280,  and  appears  to  also  occur  on 
tines  1768, 1771,  and  3743. 


Because  the  input  data  determine  whether  this  problem  wiU  occur  and  how 
seriously  it  will  affect  results,  its  impact  cannot  be  stated  absolutely.  First,  in  every  run 
made  so  far.  Side  2  could  have  always  been  attacking  in  all  of  the  sectors.  Given  that 
assumption,  this  coding  problem  would  not  yet  have  had  any  affect  on  the  results,  but 
every  future  run  could  be  subject  to  this  problem  until  it  was  corrected  or  the  data  were 
restricted  to  prevent  this  problem  from  affecting  the  results.  Second,  the  data  used  could 
have  been  such  that,  while  this  problem  could  have  occurred,  it  would  not  have  had  any 
effect  on  the  results.  While  theoretically  possible,  this  scenario  probably  is  not  what  has 
happened.  Third,  perhaps  this  problem  has  occurred  here,  and  the  error  has  affected  some 
(but  not  all)  of  the  results,  but  none  of  the  results  it  affected  have  been  that  important. 
Fourth,  perhaps  this  problem  has  occurred  and  the  resultant  error  has  affected  important 
results.  Note  that  there  are,  in  a  sense,  two  ways  in  which  this  problem  could  occur. 
Either  (1)  the  sector  attacker  could  change  from  Side  2  to  Side  1,  or  (2)  the  sector 
attacker  could  change  from  wanting  to  attack  and  being  allowed  to  do  so  by  the  code  to 
wanting  to  hold  but  being  forced  to  use  attack  parameters  by  the  code.  In  the  latter  case, 
as  long  as  the  other  side  never  became  the  sector  attacker,  the  degree  of  the  error  from 
this  problem  would  depend  on  how  well  a  holding  posture  is  modeled — and  it  is  argued 
here  that  J-8's  TACWAR  models  such  a  posture  quite  poorly  (see,  for  example.  Section 
B.l,  above,  and  Reference  [3]). 

Several  fixes  are  possible.  One  such  fix  can  be  obtained  by  changing  the  input 
data  while  keeping  the  current  coding.  For  each  input  that  applies  when  the  side  in 
question  is  on  attack,  there  is  a  corresponding  input  that  applies  when  the  side  in  question 
is  on  defense.  Thus,  this  fix  would  be  to  set  the  values  of  each  attack-defense  input  pair 
equal  to  each  other,  thereby  precluding  the  perception  that  the  model  always  plays 
separate  effectiveness  parameters  for  attack  and  defense. 

Several  other  fixes  are  possible,  but  a  good  code  fix  would  also  fix  the  "one  more 
rifle  turns  the  sector  attacker  into  the  sector  defender"  problem.  One  such  fix,  which 
would  also  accommodate  holding  postures,  could  be  based  on  the  picture  below; 
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In  this  case,  the  inputs  must  satisfy 

FRATA(KP,L)  >  FRATD(KP,L) 

for  all  KP  and  L,  and  there  would  need  to  be  a  "hard”  stop  in  the  code  if  both 
FRAD(Blue-Attack/Red-Defense)  >  FRATD(KP,1) 


and 


FRAD(Red-Attack/Blue-Defense)  >  FRATD(KP,2) 

at  the  same  time  in  the  same  sector.  With  this  approach,  the  arrays  ISAP(IS)  and 
ICSA(IS)  should  be  deleted,  and  the  array  ISA(IS)  should  be  defined  as  follows  for  sector 
IS; 


ISAOS)  =  < 


-1 

0 

1 

2 

3 

4 


V 


if  the  attacking  side  has  not  yet  been  determined 
if  a  holding  posture  exists 
if  a  mixture  of  holding  and  Side  1  attacking  exists 
if  a  mixture  of  holding  and  Side  2  attacking  exists 
if  Side  1  is  the  attacker  throughout  the  cycle 
if  Side  2  is  the  attacker  throughout  the  cycle. 


Data  for  holding  could  be  new  inputs  or,  more  simply  and  reasonably,  could  be  the  set 
equal  to  the  corresponding  data  for  defense,  except  for  ERTD — holding  postures  would 
use  ERTD(rW,6,L)  in  place  of  ERTD(rW,KPJ^)  no  matter  what  KPS(IS)  was. 

This  is  one  suggestion — there  are  several  other  relatively  simple  and  straight¬ 
forward  methods  to  consider  effectiveness  parameters  that  are  functions  of  attack  and 
defense,  that  do  not  involve  step  functions,  and  that  have  relatively  modest  data 
requirements.  J-8's  TACWAR  currently  does  not  use  such  a  method.  Some  thoughts 
concerning  this  observation  are  given  in  Reference  [3].  Note  that,  while  Reference  [3] 
considers  both  the  J-8  version  and  the  IDA  version  of  TACWAR,  the  comments  above 
necessarily  apply  only  to  the  J-8  version  of  TACWAR.  These  versions  differ 
considerably  concerning  their  treatment  of  sector  attacker  and  posture.  As  a  rough 
measure  of  their  differences,  the  following  table  compares  the  number  of  times  that  they 
define  and  use  variables  and  arrays  to  denote  sector  attacker  and  posture: 


J-8 

Number  of  Lines  Where: 

Variable 

J-8 

Value 

Other 

or  Array 

Also 

J-8 

Common 

Is  Set 

Appearances 

Element 

IDA? 

Type 

Block 

JbS  IQA 

diS 

IDA 

Index  for  Sector  Attacker; 

ISA(IS) 

Yes 

Input 

BLANKRS 

24  12 

13 

19 

ISATT 

No 

Working 

(local) 

4 

31 

— 

ISAP(IS) 

No 

Working 

GCFM 

_L  ^ 

_2 

- 

Totals 

29  12 

46 

19 

Kind  of  Posture: 

KP 

Yes 

Working 

(local) 

7  4 

19 

20 

KPA 

No 

Working 

(local) 

2 

9 

— 

KPCAS 

No 

Working 

(local) 

2 

10 

— 

KPD 

No 

Working 

(local) 

2 

11 

— 

KPI 

No 

Working 

(local) 

3 

2 

— 

KPS(IS) 

Yes 

Working 

BLANKRS 

-5  _4 

_8 

Totals 

21  4 

59 

24 

Other  Related  Array: 

ICSA(IS) 

No 

Input 

BLANK 

3 

4 

- 

Note  that  if  ISA(IS)  is  defined  as  in  the  discussion  here,  it  will  no  longer  contain 
(embedded)  information  pertaining  to  issues  unrelated  to  GC,  which  should  be  accounted 
for  in  separate  arrays.  For  example,  it  would  no  longer  contain  information  concerning 
whether  Blue  or  Red  was  constrained  by  front-to-flank  ratios,  or  whether  Blue  was 
attacking  (after  first  defending)  and  had  reached  but  not  been  allowed  to  cross  the  (time 
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zero)  initial  FEBA  position,  or  the  nuclear  combat  mode.  Simplifying  the  definition  of 
ISA  might  help  eliminate  the  types  of  errors  discussed  here  in  that  these  errors  may  have 
resulted  in  part  because  the  current  definition  of  ISA(IS)  is  relatively  complex. 

14.  Section  21  (Lines  3018-3040) 

Lines  3018  through  3039  apply  FRRINA  and  FRRINH  to  PWAKW  and 
PWDKW. 

Line  3040  ends  the  loop  over  side  started  on  line  1942  at  the  beginning  of  Part  C 
and,  therefore,  ends  Part  C. 

D.  PART  D  (LINES  3041-3249) 

Pan  E,  which  follows,  uses  the  ground-to-ground  kill  rate  matrices,  plus  some 
results  computed  here,  to  calculate  weapons  system  scores,  force  strengths,  force  ratios, 
and  some  related  quantities.  Before  these  can  be  calculated,  air-to-ground  and  SSM  kill 
rate  matrices  must  be  computed — and  an  additional  calculation  concerning  the  selection 
of  a  reference  weapon  may  be  needed.  Part  D  calculates  air-to-ground  and  SSM  kill  rate 
matrices,  and  it  attempts  to  make  an  appropriate  calculation  concerning  the  selection  of  a 
reference  weapon  when  annihilation  occurs. 

1.  Section  22  (Lines  3041-3115) 

The  calculations  made  here  concern  the  selection  of  the  type  of  weapon 
designated  to  be  the  reference  weapon  if  annihilation  occurs.  If  no  weapon  types  are  ever 
annihilated,  then  this  section  has  no  effect  on  the  results. 

2.  Section  23  (Lines  3116-3249) 

This  section  just  does  for  air-to-ground  systems  and  SSMs  what  (code)  Section  18 
does  for  ground-to-ground  systems — it  multiplies  engagement  rates,  allocations  of  fire, 
and  probabilities  of  kill  to  give  kill-rate  matrices. 

E.  PART  E  (LINES  3250-3942) 

Part  E  uses  the  kill  rate  matrices  determined  above  in  the  antipotential  potential 
method  to  compute  weapons  scores.  A  unit  effectiveness  factor  for  each  unit  is  computed 
using  these  weapon  scores  and  using  the  numbers  of  weapons,  people,  and  supplies  in  the 
unit.  These  strengths  are  then  used  to  compute  which  side  is  to  be  the  "real"  (not  just 
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"likely")  sector  attacker,  and  to  compute  values  for  the  arrays  PCS(L)  and  VLS(L).  These 
arrays  can  be  used  in  Part  F  to  compute  personnel  losses  but  not  weapon  losses,  or 
weapon  losses  but  not  personnel  losses,  or  both  weapon  losses  and  personnel  losses,  or 
they  may  not  be  used  at  all  (anywhere  in  the  model);  their  use  depends  on  the  values  of 
the  inputs  MVCASO  and  IPLSC. 

1.  Section  24  (Lines  3250-3397) 

This  section  uses  Subroutines  EIGENV  and  MPROD  to  calculate  the  antipotential 
potential  scores  for  each  type  of  ground  weapon,  aircraft  sortie,  and  surface-to-surface 
missile  system.  If  the  three  changes  described  next  were  made,  the  code  here  would  be  a 
clear  and  efficient  implementation  of  the  antipotential  potential  methodology  described  in 
References  [11],  [16],  and  [17].  The  three  changes  that  could  be  made  here  are  as 
follows: 

First,  N3,  N4,  N5,  N6,  lADDR,  BSUM(IADDR),  and  RSUM(IAADR)  could  be 
deleted  entirely  from  the  code,  and  NW(L),  NAC(L),  and  NSSM(C)  and  the  arrays 
P[W,A,M][A,D]KW(»,»,*)  could  be  used  directly  instead.  This  will  require  a  slight 
recoding  of  Subroutines  EIGENV  and  MPROD. 

Second,  the  test  in  Section  24  for  the  presence  of  targets  for  the  reference  weapon 
could  be  improved  and  moved  to  Section  22,  and  the  rest  of  the  current  Section  24  could 
be  deleted. 

Third,  if  there  are  targets  for  the  reference  weapon  type  (either  because  there  were 
targets  for  the  original  reference  type  or  because  the  reference  type  has  been  changed  to  a 
type  for  which  targets  are  present),  then  IFLAG  will  have  a  value  of  one  in  Section  24 
only  if  serious  errors  (e.g.,  erroneous  input  data)  exist.  Accordingly,  if  Subroutine 
EIGENV  returns  with  IFLAG  =  1,  a  "hard"  stop  could  be  put  here  (after  first  writing 
appropriate  reference  information  such  as  sector,  cycle,  and  the  cause  of  the  stop). 

2.  Section  25  (Lines  3398-3605) 

This  section  calculates  scores  for  ground  weapons  and  effectiveness  measures  for 
the  divisions  in  combat. 
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3.  Section  26  (Lines  3606-3640) 


Given  that  the  value  (antipotential  potential  score)  of  a  successfully  penetrating 
CAS  sortie  by  an  aircraft  of  type  lA  in  sector  IS  for  side  L  on  attack  is 
VIAACF(IAC,IS,L)  as  computed  in  (code)  Section  24,  and  that  ACSABA(IAC,IS,L)  of 
such  sorties  are  flown,  then  the  total  value  (score)  of  all  of  the  CAS  sorties  for  side  L  on 
attack  in  sector  IS,  VAABA(IS,L),  is  given  by 

NAC(L) 

VAABA(IS,L)  =  X  VIAACF(IAC,IS,L)*ACSABA(IAC,IS,L). 

IAC=1 

The  model  makes  this  computation  (for  aircraft  and  SSMs)  in  Section  26. 

4.  Section  27  (Lines  3641-3771) 

This  section  uses  the  force  strengths  of  the  two  sides,  along  with  certain  input 
parameters,  to  determine  which  side  is  to  oc  the  "true"  attacker  in  the  sector  and  cycle  in 
question.  A  method  for  making  thL  -  .termination  is  discussed  above  in  (text)  Section 
C.  13  (which  concerns  code  Secf'j'  10). 

5.  Section  28  (Lines  3772-3803) 

This  section  concerns  reduced  effectiveness  due  to  supply  shortages,  and  so  has 
no  direct  effect  on  the  example  in  Chapter  HI  (which  assumes  that  the  possibility  of  a 
shortage  of  supplies  is  not  to  be  considered). 

6.  Section  29  (Lines  3804-3891) 

The  goals  of  this  section  are  to  compute  PCS(L),  which  is  used  later  in  the  code  to 
compute  (personnel)  causalities  if  IPLSC  =  0,  and  to  compute  VLS(L),  which  is  used 
later  m  the  code  to  scale  simulated  losses  if  MVCASO  =  0. 

7.  Section  30  (Lines  3892-3942) 

This  section  only  concerns  the  consumption  of  supplies  and  related  inventories, 
and  so  is  not  directly  relevant  to  the  example  presented  in  Chapter  m. 

F.  PART  F  (LINES  3943-4168) 

Parts  F,  G,  and  H  are  contained  inside  a  do-loop  over  side — the  first  executable 
statement  of  Part  F  starts  this  loop  and  the  last  of  Part  H  ends  it.  Part  F  attempts  to 


compute  the  number  of  weapons  of  each  type  lost  in  combat  on  each  side.  Part  G  makes 
some  calculations  concerning  the  consumption  of  munitions,  and  Part  H  makes  computa¬ 
tions  concerning  the  number  of  personnel  lost  in  combat  on  each  side. 

1.  Section  31  (Lines  3943-3953) 

Lines  3943  to  3945  are  comment  lines.  Line  3946  starts  the  do-loop  over  side 
(side  being  denoted  by  L)  and  line  3947  sets  II  =  3  -  L.  Lines  3948  to  3952  define  some 
variables  which  could  be  deleted.  Line  3953  could  be  moved  to  just  after  line  3957  in 
Section  32. 

2.  Section  32  (Lines  3954-4075) 

This  section  is  entered  only  if  the  input  MVCASO  =  0,  2,  or  3 — if  MVCASO  =  1 
the  code  skips  to  Section  33,  below.  If  entered,  this  section  can  be  pictured  as  making 
four  somewhat  intertwined  calculations.  First,  it  calculates  simulated  attrition  using  a 
heterogeneous  Lanchester  square  formula  in  difference  equation  form.  See  References 
[2],  [11],  and  [13]  for  discussions  of  why  this  is  not  a  good  formula  to  use  to  compute 
simulated  attrition.  Second,  this  section  scales  the  simulated  attrition  using  the  term 
VLS(L)  computed  in  (code)  Section  29,  above.  Determining  weapons  losses  by  dynami¬ 
cally  scaling  simulated  attrition  has  several  defects — these  defects  (and  suggested 
alternatives  to  this  approach)  are  described  in  References  [2],  [12],  and  [17].  Third,  it 
artificially  inflates  the  effects  of  close  air  support — see  Reference  [12]  for  details. 
Finally,  it  adjusts  these  scaled  CAS-inflated  Lanchesterian  weapon  losses  if  these  losses, 
denoted  at  this  point  in  the  code  by  WLS(rW,IS,L),  are  greater  than  the  number  of 
weapons  in  the  sector,  denoted  by  WSfDV.L).  This  adjustment  is  erroneous,  and  lines 
4056  through  4073  should  be  either  fixed  or  replaced  by  a  "hard"  stop. 

3.  Section  33  (Lines  4076-4168) 

This  section  is  entered  only  if  the  input  MVCASO  =  1;  if  MVCASO  =  0,  2,  or  3, 
the  code  (which  would  have  just  processed  Section  32,  above)  skips  to  Section  34.  If 
entered,  this  section  can  be  pictured  as  making  three  of  the  four  calculations  (that  would 
have  been)  made  by  Section  33.  In  particular,  this  section  calculates  simulated  attrition 
using  a  heterogeneous  Lanchester  square  formula  in  difference  equation  form,  it  inflates 
the  effects  of  close  air  support,  and  it  adjusts  these  CAS-inflated  Lanchesterian  weapon 
losses  if  these  losses,  again  denoted  by  WLS(IW,IS,L),  are  greater  than  the  number  of 
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weapons  in  the  sector,  again  denoted  by  WS(IWJ1^).  The  calculation  made  by  Section  32 
but  not  Section  33  is  the  scaling  of  the  simulated  attrition  using  VLS(L).  Accordingly, 
lines  4143  through  4166  should  be  either  fixed  or  replaced  by  a  "hard"  stop. 

G.  PART  G  (LINES  4169-4239) 

This  part  makes  some  calculations  concerning  munition  consumption  and  it 
(optionally)  writes  some  results  to  an  output  file. 

1.  Section  34  (Lines  4169-4210) 

This  section,  which  is  entered  for  all  values  of  MVCASO,  scales  ground  munition 
expenditures  by  VFACTOR,  which  is  the  same  scaling  factor  used  to  scale  weapons 
losses  if  MVCASO  =  0,  and  which  is  undefined  if  MVCASO  =  1.  Note  that  it  does  not 
scale  the  expenditures  of  air  munitions  or  SSMs,  and  that  no  adjustments  are  made  here  if 
VLS(IWJS,L)  is  greater  than  WS(IW,L). 

2.  Section  35  (Lines  4211-4239) 

This  section  only  writes  some  results  to  an  output  file — it  performs  no  substantive 
calculations. 

H.  PART  H  (LINES  4240-4328) 

I.  Section  36  (Lines  4240-4309) 

This  section  is  entered  only  if  the  input  IPLSC  =  0;  if  IPLSC  =  1,  the  code  skips  to 
Section  37,  below.  If  entered,  this  section  computes  the  number  of  casualties  to  unit  ID 
(on  side  L  in  sector  IS)  as 

PCS(L)*PDIV(ID)*FRACW, 

where  PCS(L)  is  computed  in  (code)  Section  29,  PDIV(ID)  is  the  number  of 
personnel  in  unit  ID,  and  FRACW  is  a  term  that  depends  on  the  input  DFBACT(L),  on 
the  FEBA  position  FEBA(IS),  and  on  CDVLOC(ID),  which  is  an  input  that,  in  general,  is 
adjusted  over  time  by  the  model.  If  FRACW  =  1.0,  then  this  method  for  computing 
casualties  suffers  from  the  weaknesses  described  in  Reference  [12].  If  0.0  S  FRACW  < 
1.0,  then  this  method  both  suffers  from  these  weakness  and  produces  questionable  results 
if  any  artillery,  helicopters,  and/or  AAA  are  within  ERGMAX(IW,L)  of  the  FEBA  for 
corresponding  values  of  IW.  If  FRACW  >  1.0  or  FRACW  <  0.0,  the  method  is  incorrect. 


2.  Section  37  (Lines  4310-4328) 

This  section  is  entered  only  the  input  IPLSC  =  1;  if  IPLSCO  =  0,  the  code 
(which  would  have  just  processed  Section  36,  above)  skips  to  Section  38.  If  entered,  this 
section,  combined  with  Section  39  (lines  4359-4370),  computes  personnel  losses  to  side  L 
by  summing  (over  all  weapon  types,  IW)  the  product  of  the  number  of  weapons  of  type 
IW  times  the  input  factor  FTCWPL(IW,L).  The  last  line  of  this  section  ends  the  do-loop 
over  side  started  at  the  beginning  of  Part  F. 

L  PART  I  (LINES  4329-4598) 

Parts  F,  G,  and  H  (combined  with  Section  34,  if  IPLSC  =  1)  will  have  calculated 
the  number  of  weapons  lost  by  type  and  number  of  people  lost  on  each  side  in  the  sector 
and  cycle  in  question.  Part  I  assesses  these  losses  to  the  units  on  each  side  and  attempts 
to  make  several  other  miscellaneous  calculations  involving  attrition  before  ending  the 
huge  do-loop  over  sector  started  at  the  beginning  of  Part  B. 

1.  Section  38  (Lines  4329-4358) 

As  noted  above,  this  section  should  be  merged  with  Section  40  by  moving  Section 
39  (which  currently  separates  them)  to  Pan  H.  Taken  together.  Sections  38  and  40  assess 
the  personnel  and  weapon  losses  computed  in  Pans  F  and  H  to  the  units  involved. 

2.  Section  39  (Lines  4359-4370) 

This  code  is  logically  pan  of  (code)  Section  37. 

3.  Section  40  (Lines  4371-4426) 

This  section  is  logically  pan  of  Section  38  above  and  could  be  merged  with  that 
section  if  lines  4359  through  4370  are  moved  to  Section  37. 

4.  Section  41  (Lines  4427-4501) 

This  section  performs  some  calculations  to  determine  the  amounts  of  supplies 
destroyed  by  enemy  fire  in  the  combat  being  simulated.  Given  that  supplies  are  being 
considered,  the  computations  made  here  are  quite  reasonable.  However,  as  currently 
coded,  these  computations  are  made  whether  or  not  supplies  are  being  considered.  Also, 
while  the  formulas  used  here  are  quite  reasonable,  the  definition  of  the  input 
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SLWCB(rW,ISPT,L)  does  not  match  its  use  in  these  formulas;  tne  use  is  good,  the 
definition  is  incorrect  and  should  be  changed — see  Reference  [12]  for  details. 

5.  Section  42  (Lines  4502-4565) 

This  section  attempts  to  compute  the  numbers  of  weapons  by  type  that  are 
repairably  damaged  in  the  combat  being  simulated.  It  currently  contains  two  errors  (one 
coding  error  and  one  modeling  error)  that  render  its  use  questionable.  It  can  simulate  that 
weapons  are  either  fully  functional  or  fully  destroyed  by  setting  the  input 
PWATS(IWJ,L)  to  1.0  for  all  values  of  IW,  I,  and  L.  These  errors  are  as  follows. 

The  coding  error  is  that  WDrV(IW4D)  is  treated  on  lines  4532  and  4534  as  if  it 
were  the  number  of  weapons  of  type  IW  in  unit  ID  at  the  start  of  the  combat  being 
simulated.  Due  to  line  4371,  it  isn't. 

The  modeling  error  is  that  line  4545  places  no  upper  bound  on  the  number  of 
weapons  that  can  be  repaired  at  division  level  per  cycle.  It  is  wrong  to  require  the 
assumption  that  division-level  repair  capabilities  are  essentially  infinite,  which  the  model 
currently  does  here. 

6.  Section  43  (Lines  4566-4598) 

This  section  attempts  to  compute  the  numbers  of  casualties  and  weapon  losses 
inflicted  by  air  sorties  in  the  sector  without  making  use  of  previously  computed  numbers 
of  casualties  and  weapon  losses  inflicted  by  aircraft.  In  particular,  CD  ACS  (IS  ,L)  is 
correctly  calculated  here  only  if  both  FICAS(2,3-L)  =  1.0  and  IPLSC  =  0,  and 
WLDAS(IW,IS,L)  is  essentially  never  correct  (no  matter  what  the  values  of  FICAS(2,3- 
L)  and  MVCASO,  or  any  other  inputs,  are).  The  last  line  of  this  section  ends  the  huge 
do-loop  over  sector  started  at  the  beginning  of  Part  B,  above. 

J.  PART  J  (LINES  4599-4783) 

1.  Section  44  (Lines  4599-4607) 

This  section  computes  the  unweighted  average  of  essentially  arbitrary  (for  inter¬ 
diction)  scale  factors  discussed  in  (text)  Section  A.4,  above. 
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3.  Section  46  (Lines  4674-4702) 

This  section  attempts  to  compute  the  average  numbers  of  casualties  and  weapon 
losses  inflicted  by  air  sorties  per  sector  in  the  region.  Since  CD  ACS  is  generally  wrong 
and  WLDAS  is  always  wrong  (see  Section  43),  so  (respectively)  are  FPDCAS  and 
FWDCAS. 

4.  Section  47  (Lines  4703-4723) 

If  these  calculations  are  to  be  made  here,  then — 

(1)  the  factors  AMLFD(IAC,IST-)  and  AMNLAF(IAC,1,L)  should  be  applied  to 
AMNL(IAC,IAM,IMT)  here  as  they  are  on  line  3191. 

(2)  munitions  on  aircraft  that  are  killed  in  the  air  before  those  aircraft  can  attack 
ground  targets  (and  any  munitions  that  are  jettisoned)  could  be  considered 
somehow. 

Alternatively,  these  calculations  could  be  made  in  some  routine  called  by  Subroutine  AC. 

5.  Section  48  (Lines  4724-4783) 

Lines  4724, 4726,  and  4728  are  blank  spacers;  line  4725  resets  IPRB;  line  4727  is 
not  needed;  lines  4729  through  4782  are  formats;  and  line  4783  ends  GC. 
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in.  A  NUMERIC  EXAMPLE  FOR  SUBROUTINE  GC 


Subroutine  GC  has  no  arguments — it  receives  all  of  its  input  data  through 
common  blocks.  For  the  purposes  here,  "a  subroutine  input"  is  defined  to  be  a  variable  or 
array  in  a  common  block  that  can  be  used  without  flrst  being  computed  when  code  is 
processed  according  to  some  valid  set  of  (model)  input  data. 

For  the  example  given  below,  all  of  the  Subroutine  GC  input  variables  and  arrays 
are  grouped  into  the  following  three  mutually  exclusive  and  collectively  exhaustive 
categories: 

(a)  Inputs  whose  values  are  identicaUy  zero  in  this  example. 

(b)  "Bookkeeping,"  or  extremely  simplistic,  inputs  whose  values  are  not 
identically  zero  here. 

(c)  Non-zero  inputs  that  are  directly  "relevant"  for  this  example. 

With  one  set  of  exceptions  (described  below),  no  mention  is  made  in  the  following 
discussions  of  any  input  in  category  (a).  The  distinction  made  here  between  inputs  in 
categories  (b)  and  (c)  is  as  follows.  Inputs  in  category  (b)  are  listed  with  their  example 
values  on  Table  ni-1,  but  are  not  discussed  fuith^  in  this  chapter.  Conversely,  inputs  in 
category  (c)  are  both  listed  with  their  example  values  on  Table  111-2  and  listed,  again  with 
their  data  values,  in  each  text  section  below  that  corresponds  to  a  code  section  in  which 
that  input  appears.  Deciding  which  inputs  to  put  in  which  of  these  two  categories  is 
somewhat  judgmental;  the  basic  idea  used  here  is  as  follows.  Some  inputs,  like  the 
number  of  types  of  ground  weapons  on  each  side,  are  used  throughout,  and  giving  their 
values  once  is  good  enough.  Indeed,  repeating  their  values  everywhere  that  they  are  used 
would  unnecessarily  clutter  the  example.  On  the  other  hand,  inputs  like  probabilities  of 
kill  are  used  in  many  fewer  places,  and  those  places  are  (generally)  organically  relevant  to 
those  inputs.  Accordingly,  it  is  useful  for  understanding  the  code  to  identify  each  such 
input  and  its  value  in  conjunction  with  each  place  where  these  inputs  are  used. 
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Table  lll'l.  Values  of  the  Non-Zero  Bookkeeping  and  Miscellaneous  Inputs  Used  In  this 

Example 

BPD  (ID)  -  PDIV(ID) 

BWD(iW.IO) «  WDIV(IW,ID) 

DFBACT(L)  - 1.0 

FRRING(IT.KP.KT) .  1.0 

ICBIT(IO)  -  ID 

ICYCLE  - 1 

IDLABA(IDS.1)  -  IDS 

IOMU-5 

ISA(1)  - 1 

ISAP(1)  - 1 

ISEFFD  «  3 

ITD(ID)  -  ID 

IWTIGT(IWTGT.1.L))  =  IWTGT 

IWTIWC(INWPC.I.L)  -  INWPC 

LNKWPT(IW.L)  =  IW 

KPS(1)«1 

KTER(1)  -  1 

NAC(L)  .  1 

NAM(L) «  1 

NDS{1.L).1 

NEAEF(IC)  -  2 

NEDEF(IC)  -  2 

NS-1 

NW(L) .  2 

NWAEFF(IC)  -  2 

NWDEFF(IC)  *  2 

NWTIGT{1,L)-2 

NWTIWC{1,L)  -  2 

TNGMOD(ID)  - 1.0 

TWD(IW.I)  -  WDIV(IW.I) 

TWD{IW,2)  -  WDIV(IW,2) 

XAEF(2.IC)  - 1.0 
XDEF{2.IC)«1.0 
XWAEF(2.IC)-1.0 
XWDEF(2.IC).1.0 
YAEF(2.IC)  -=  1.0 
YDEF(2.IC)  =  1.0 
YWAEF(2.IC)  -  1.0 
YWDEF(2.IC)  -  1.0 


Table  lii-2.  Values  of  the  Relevant  Non-Zero  Inputs  Used  In  this  Example 


ACSABA(1.1,*) 

a 

10. 

20. 

AMLFD(1.1.*) 

m 

1. 

1. 

AMNL(1.1,2) 

m 

4. 

AMNL(1,1.8) 

m 

11. 

AMNLAF(1.1.-) 

m 

1. 

1. 

BPKAW(1.«.1) 

m 

0.500 

0.500 

BPKAW(2.*.1) 

m 

0.005 

0.005 

BSAWA(1,v1) 

m 

0.5 

0.5 

BSAWA(2.*.1) 

m 

0.2 

0.2 

EFCE 

m 

0.00001 

ERTA(-.I.I) 

m 

0.4 

0.4 

ERTD(-.1.2) 

m 

0.4 

11.0 

FCVLS(-) 

m 

3.059 

2.228 

FICAS{2.*) 

m 

1. 

1. 

FPCR(-) 

m 

0.4 

0.4 

FTCWPL{‘.1) 

m 

3. 

1. 

FTCWPL(-.2) 

a 

2. 

2. 

IPLSC 

a 

{either  0  on} 

IWUCE(1) 

a 

1 

MNIE 

a 

1000 

MVCASO 

m 

{either  0  or  1} 

NPCAF{1) 

a 

8 

NPCDF{2) 

a 

8 

PDIV(-) 

a 

3000. 

800. 

PWATS(«.1.1) 

m 

1. 

1. 

PWATS(*.3.2) 

a 

1. 

1. 

PWSF(-.1) 

a 

10.0 

1.0 

PWSF(*,2) 

a 

0.5 

0.5 

RPKDW(1.*.1) 

a 

0.500 

0.500 

RPKDW(2,«,1) 

a 

0.001 

1.000 

RSAWD(1,-,1) 

a 

0.90909 

0.09091 

RSAWD(2,-,1) 

a 

0.5 

0.5 

SAMA(I.-.I) 

a 

0.5 

0.5 

SAMD(1,-.2) 

a 

0.0 

1.0 

SFCAS{1,1.1) 

a 

SFCAS(1,2,2) 

a 

SFGND(1,1.1) 

a 

SFGND(1,2,2) 

a 

WDIV(-.1) 

a 

100. 

200. 

WDIV{*,2) 

a 

40. 

40. 

VAMAW(1.',1) 

a 

0.5 

0.5 

VAMDW(1.«,2) 

a 

0.0 

1.0 

VIWASF(-,1) 

a 

1. 

1. 

XPCAF(..1) 

0.0 

0.5 

1.0 

2.0 

3.0 

4.0 

6.0 

20.0 

XPCDF{*,2) 

0.0 

0.5 

1.0 

2.0 

3.0 

4.0 

6.0 

20.0 

YPCAF(1..,1)  - 

.100 

.020 

.015 

.012 

.010 

.009 

.008 

.005 

YPCDF(1...2)  - 

.000 

.010 

.015. 

.020 

.022 

.023 

.024 

.025 
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The  one  set  of  exceptions  concerning  the  (zero-valued)  inputs  belonging  to 
category  (a)  is  as  follows.  The  discussions  below  list  the  names  of  all  "primary"  inputs 
used  by  relevant  sections  of  the  code,  and  then  list  the  values  of  the  "relevant"  inputs.  All 
"relevant"  inputs  are  considered  to  be  "primary"  inputs  here;  in  addition,  several 
potentially  important  (for  full-up  runs,  if  not  for  this  example)  zero-valued  inputs  arc  also 
considered  to  be  "primary"  and,  thus,  are  also  listed  (by  name  only)  in  sections  in  which 
they  appear.  The  overall  goal  here  is  to  list  the  potentially  important  inputs  concerning 
each  section  of  the  code,  to  list  with  their  data  values  those  inputs  that  are  important  for 
the  particular  example  at  hand,  and  to  ignore  (except  in  Table  m-l)  pure  bookkeeping 
inputs.  Note  that  the  values  of  some  of  the  inputs  listed  on  Table  III-l  are  given  in  terms 
of  arrays  whose  values  are  listed  on  Table  111-2. 

A.  PART  A  (LINES  1-1762) 

1.  Section  1  (Lines  1-1613) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 

2.  Section  2  (Lines  1614-1665) 

No  calculation  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 

3.  Section  3  (Lines  1666-1740) 

a.  Inputs  and  Outputs 

Primary  Section  Inputs 
PWSF(IW,L) 

BSAWA(IW,IWGT,KP) 

BSAWD(IW,IWGT,KP) 

RSAWA(IW,IWGT,KP) 

RSAWD(IW,IWGT,KP) 

SAMA(IAM,IGWT,L) 

SAMD(IAM,IGWT,L) 

SAMMA(IMM,IGWT,L) 

SAMMD(IMM,IGWT,L) 


Source 

Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 


Section  Outputs 

PWSF(IW,L) 

BSAWA(IW.rWGT,KP) 

BSAWD(IW,IWGT,KP) 

RSAWA(IW,IWGT,KP) 

RSAWD(IW,IWGT,KP) 

SAMA(IAM,IGWT.L) 

SAMD(IAM,IGWT.L) 

SAMMA(IMM,IGWT,L) 

SAMMD(IMM,IGWT,L) 


Next  Relevant  Use 

Section  11 
Section  11 
Section  11 
Section  11 
Section  11 
Section  11 
Section  11 
N/A 
N/A 


Discussion 

This  section  is  entered  only  once  during  any  given  run  of  the  model.  In  particular, 
it  is  entered  only  when  GC  is  called  for  the  first  conventional  combat  cycle  being 
simulated.  When  it  is  entered,  it  computes  new  (different)  values  for  the  elements  of  the 
arrays  BSAWA,  BSAWD,  RSAWA,  RSAWD,  SAMA,  SAMD,  SAMMA,  and  SAMMD. 
Along  with  changing  their  values,  this  section  changes  the  definition  of  these  arrays  from 
those  given  in  Reference  [4].  For  example,  the  definition  of  BSAWA(IW,IWGT,KP) 
after  Section  3  has  been  processed  should  be  (assuming  that  each  generic  weapon  type 
contains  exactly  one  simulated  weapon  type)  as  follows. 

BSAWA(IW,rWGT,KP):  BSAWA(IW,IWGT,KP)  is  an  input  whose  value  is 
changed  in  Section  3  of  GC.  Its  definition  as  an  input  is  given  in 
Reference  [4];  its  definition  as  a  working  array  (i.c.,  its  definition  after 
its  values  have  been  changed  by  Section  3)  is  as  follows.  If  there  are 
W(KW)  Red  weapons  of  type  KW  present  for  KW  =  1,2,  ...,  NW(2), 
then  the  probability  that  a  Blue  weapon  of  type  IW  will  allocate  its  ^ 
against  a  particular  Red  weapon  of  type  IWGT  when  Blue  is  on  attack  in 
posture  I^  is  given  by 

BSAWA(IW,IWGT,KP) 
WEIGHTED-SUM(rWJCP)  ’ 


where: 

WEIGHTED-SUM(IWJCP)  = 

BSAWA(IW,1,KP)*W(1)  +  BSAWA(IW,2,KP)*W(2) 

+...  +  BSAWA(IW,NW(2),KP)*W(NW(2)). 

Accordingly,  the  probability  that  a  Blue  weaj)on  of  type  IW  will  allocate  its  fire  against 
some  Red  weapon  of  type  IWGT  when  Blue  is  on  attack  in  posture  KP  is  given  by 
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BSAWA(IW,IWGT.KP)*W(IWGT) 

WEIGHTED-SUM(IW4CP) 


Thus,  the  model  assumes  that  fire  is  allocated  against  target  weapons  according  to  the 
weighted  number  of  target  weapons  of  each  type  present,  where  the  weighting  factor  for 
Red  target  weapons  of  type  IWGT  is  given  by  BSAWA(IW,IWGT,KP)  when  the 
shooters  are  Blue  weapons  of  type  IW  on  attack  in  posture  KP.  In  algebraic  notation, 
before  Section  3  is  processed  BSAWA  corresponds  to  a|j  as  defined  on  page  III-8  of 

Reference  [11];  afterwards  it  corresponds  to  as  defined  on  page  111-7  of  that  reference. 

The  other  seven  arrays  whose  values  are  changed  here  should  be  redefined 
analogously. 

b.  Numeric  Example 


Relevant  Section  Incuts  Data 


PWSF(«,1) 

10.0 

1.0 

PWSF(«,2) 

0.5 

0.5 

BSAWA(1.«,1) 

0.5 

0.5 

BSAWA(2,«,1) 

0.2 

0.2 

RSAWD(1,.,1) 

0.90909 

0.09091 

RSAWD(2,»,1) 

0.5 

0.5 

SAWA(1,*,1) 

0.5 

0.5 

S4WD(1,.,2) 

0.0 

1.0 

Relevant  Section  Outputs 

Data 

BSAWA(1,*,1) 

0.5 

0.5 

BSAWA(2,*,1) 

0.5 

0.5 

RSAWD(1,*,1) 

0.5 

0.5 

RSAWD(2,*,1) 

0.5 

0.5 

RSAWD(2,*,1) 

0.0909 

0.9091 

SAWA(1,.,1) 

0.5 

0.5 

SAWD(1,*,2) 

0.0 

1.0 

Discussion 

The  value  of  BSAWA(rW,IWGT,KP)  after  Section  3  has  been  processed  can  also 
be  interpreted  as  the  probability  that  a  Blue  weapon  of  type  IW  would  fire  at  the  one  Red 
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weapon  of  type  IWGT  present  if  there  were  exactly  one  Red  weapon  of  each  type  present 
(and  if  Blue  were  on  attack  in  posture  KP),  and  the  analogous  comment  applies  to  the 
other  allocation  arrays.  Note  that,  while  each  entry  of  PWSF  should  be  strictly  positive, 
these  entries  need  not  satisfy  any  other  requirement.  Note  also  that  each  entry  of  the 
input  allocation  arrays  should  be  nonnegative,  but  these  entries  need  not  satisfy  any  other 
requirement  Each  entry  of  the  output  allocation  arrays,  however,  will  always  be  between 
0.0  and  1.0  (inclusive),  and  will  always  sum  to  1.0  when  summed  over  all  target  types, 
IWGT,  for  any  particular  shooting  system,  posture  (if  applicable),  and  side. 

4.  Section  4  (Lines  1741-1762) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 


B.  PART  B  (LINES  1763-1941) 

1.  Section  5  (Lines  1763-1806) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 

2.  Section  6  (Lines  1807-1896) 

a.  Inputs  and  Outputs 

Primary  Section  Input  Source 

WDIV(IW4D)  Model  Input 


Section  Outputs 

WS(IW,L) 

WSiaW,IS,L) 


Next  Relevant  Use 

Section  23 
Section  12 


Discussion 

For  each  relevant  value  of  IW,  this  section  of  the  code  sets  WSI(IWJST-)  equal  to 
the  sum  of  WDrV(rw,ID)  over  those  ID  that  are  currently  indexing  a  unit  in  combat  in 
sector  IS  for  side  L. 
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b.  Numeric  Example 


Relevant  Secrion  Inputs  Data 


WDIV(«,1) 

100. 

200. 

WDIV(«,2) 

40. 

40. 

Relevant  Section  Outputs 

Data 

WS(*,1) 

100. 

200. 

WS(*,2) 

40. 

40. 

WSI(*,I,1) 

100. 

200. 

WSI(«,1,2) 

40. 

40. 

Discussion 

Under  the  simplifying  assumptions  made  here, 

WS(IW,L)  =  WSI(IW,IS,L) 

for  all  relevant  IW,IS,  and  L.  In  general,  this  equality  need  not  hold. 

3.  Section  7  (Lines  1897-1941) 

This  section  initializes  some  arrays,  but  it  makes  no  nontrivial  calculations 
relevant  to  the  numeric  example  given  here. 

C,  PART  C  (LINES  1942-3040) 

1.  Section  8  (Lines  1942-1945) 

This  section  initializes  some  arrays;  but  no  nontrivial  calculations  relevant  to  the 
numeric  example  given  here  are  made  in  this  section  of  the  code. 

2.  Section  9  (Lines  1946-1992) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 

3.  Section  10  (Lines  1993-2010) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 
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4.  Section  11  (Lines  2011  2132) 


a.  Inputs  and  Outputs 

Primary  Secrion  Inputs 

WSI(IW,IS,L) 

BSAWA(IW,IWGT,KP) 

BSAWD(IW,IWGT,KP) 

RSAWA(IW,IWGT.KP) 

RSAWD(IW.IWGT,KP) 

BFRASMaW.IWGT,ISM) 

BFRDSM(IW.IWGT,ISM) 

RFRASM(IW,IWGT,ISM) 

RFRASM(IW.IWGT.ISM) 

SAMA(IAM,IGWT,L) 

SAMD(IAM,IGWT,L) 

SAMMA(IMM,IGWT,L) 

SAMMD(IMM,IGWT.L) 

Ssctiop-Qutpms 

SAWA(IWJCW,L) 

SAWD(IW4CW,L) 

BBFRASM(IW^,ISM) 

BBFRDSM(IWJKW,ISM) 

RRFRASM(IW,KW,ISM) 

RRFRDSM(IWJCW,ISM) 

SSAMA(IAM,KWa-) 

SSAMD(IAM,KWa.) 

SSAMMAOMMJCW^) 

SSAMMD(IMM,KW,L) 


Source 
Section  6 

Section  3  for  Cycle  1 
Section  3  for  Cycle  1 
Section  3  for  Cycle  1 
Section  3  for  C}ycle  1 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Section  3  for  Cycle  1 
Section  3  for  Cycle  1 
Section  3  for  Cycle  1 
Section  3  for  Cycle  1 
Next  Relevant  Use 

Section  12 
Section  12 
N/A 
N/A 
N/A 
N/A 

Section  23 
Section  23 
N/A 
N/A 


Discussion 

This  section  only  concerns  converting  data  entered  by  "generic"  weapon  type  into 
data  by  "simulated"  (or  "actual")  weapon  type.  A  better  approach  might  be  to  enter  all 
data  by"simulated"  weapon  type  and  to  delete  this  section  entirely. 
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b.  Numeric  Example 

Relevant  Section  Inputs 

Data 

BSAWA(1.«,1) 

0.5 

0.5 

BSAWA(2.«,1) 

0.5 

0.5 

RSAWD(1.*,1) 

0.5 

0.5 

RSAWD(2,«,1) 

0.0909 

0.09091 

SAMA(1,*,1) 

0.5 

0.5 

SAMA(1.*,2) 

0.0 

1.0 

WSI(*.1.1) 

100. 

200. 

WSI(«,1.2) 

40. 

40. 

Relevant  Section  Outputs 

Data 

SAWA(1.«,1) 

0.5 

0.5 

SAWA(2,*,1) 

0.5 

0.5 

SAWD(1.*,2) 

0.5 

0.5 

SAWD(2,*,2) 

0.0909 

0.9091 

SSAMA(1,»,1) 

0.5 

0.5 

SSAMD(1,*,2) 

0.0 

1.0 

Discussion 

Since  in  this  example  each  generic  weapon  type  corresponds  to  a  simulated 
weapon  type  on  a  one-to-one  basis,  all  this  section  does  is  to  set  the  corresponding 
elements  of  various  pairs  of  arrays  equal  to  each  other. 


5.  Section  12  (Lines  2133-2166) 

a.  Inputs  and  Outputs 

Primary  Section  Inputs 

MVCASO 

SAWA(IW,KW,L) 

SAWD(IW,KW,L) 

WSI(IW,ISX) 


Source 
Model  Input 
Section  11 
Section  11 
Section  6 


m-io 


AAWA(IWJCW,L) 

AAWD(IW,KW,L) 


Section  16 
Section  16 


The  discussion  in  Section  3.a,  above,  states  that  TACWAR  allocates  fire  accord¬ 
ing  to  the  weighted  numbers  of  targets  present,  where  the  weighting  factors  can  depend 
on  the  type  of  shooter  and  type  of  target  involved.  The  number  of  targets  of  type  KW 
"present"  for  (i.e.,  vulnerable  to)  ground  fire  by  side  L  is  given  by  WSI(IW,K),  where  K  = 
3  -  L.  The  weighting  factors  for,  say.  Blue  weapons  of  type  IW  on  attack  in  posture  KP 
were  calculated  in  Section  3,  above,  and  the  values  of  those  factors  were  stored  in 
BSAWA(rW,IWGT,KP)  for  all  relevant  values  of  IWGT.  Given  that  each  generic  type 
of  weapon  corresponds  to  exactly  one  simulated  type  of  weapon  for  each  side.  Section  1 1 
sets 

fBSAWA(IW,IWGT,KP)  L=1 

SAWA(IW,KW,L)=-^ 

iRSAWA(IW,IWGT,KP)  L  =  2 

and 

f  BSAWD(IW,IWGT,KP)  L  =  1 

SAWD(IW,KW,L)  =-^ 

iRSAWD(IW,IWGT,KP)  L  =  2  . 

where  IW  is  the  simulated  weapon  type  that  (by  the  assumption  above,  uniquely)  corre¬ 
sponds  to  the  generic  weapon  type  IWGT,  and  KP  denotes  the  supposed  posture  in  the 
sector  in  question.  Thus,  substituting  SAWA  for  BSAWA  and  substituting  WSI  for  W  in 
the  expression  for  the  allocation  of  fire  given  in  Section  A.3.a,  above,  and  doing  the  same 
for  RSAWA  and  for  defensive  allocations  of  fire,  yields 

AAWA(rW  JCWJL)  * 

_ SAWAaW.KWX)*WSIfKW.K) _ 

SAWA(IW.1X)*WSI(1JC)  +  SAWA(IW.2X)‘WSI(2JC)+  ...  +  SAWA(rWJ4W(K)a-)*WSI(NW(K).K) 

and 


ra-ii 


AAWD(IW  JCW^)  = 


_ SAWDawjcwx)*wsincwjc) _ 

SAWDOW.l WWSI(1  JC)  +  SAWD(IW^X)*WSI(2JC)  +  ...  +  SAWD(IWJ4W(K)a.)*WSI(NW(K),K)  ’ 

where  AAWA(rW,KW4.)  and  AAWD(rW,KW,L)  give  the  fraction  (allocation)  of  »he 
fire  by  weapons  of  type  IW  on  side  L  that  will  be  directed  against  enemy  weapons  of  type 
KW  for  side  L  on  attack  and  on  defense,  respectively,  and  where  K  =  3  -  L.  Section  12 
implements  these  equations  for  AAWA  and  AAWD. 


b.  Numeric  Example 

Relevant  Section  Inouts 

Data 

SAWA(1,‘,1) 

0.5 

0.5 

SAWA(2,*,1) 

0.5 

0.5 

SAWD(1,«,2) 

0.5 

0.5 

SAWD(2,-,2) 

0.0909 

0.9091 

WSI(-,1,1) 

100. 

200. 

WSI(«,1,2) 

40. 

40. 

Relevant  Section  Oumuts 

D^tft 

AAWA(1,»,1) 

0.5 

0.5 

AAWA(2,*,1) 

0.5 

0.5 

AAWD(1,«,2) 

0.3333 

0.6667 

AAWD(2,*,2) 

0.0476 

0.9524 

Discussion 

The  numbers  of  Red  weapons  present — 40  and  40 — are  in  the  same  proportion  as 
the  input  PWSF(»,2) — 0.5  and  0.5;  thus,  the  simulated  allocations  of  Blue  fire  are  the 
same  as  the  input  allocations,  when  normalized  to  sum  to  1.0.  The  weighting  factors 
calculated  in  Section  1 1  say  that  Red  weapons  of  type  1  are  equally  likely  to  shoot  at  Blue 
type  2  weapons  as  at  Blue  type  1  weapons  when  there  arc  equal  numbers  of  each  type  of 
Blue  weapon  present;  that  is,  the  methodology  used  here  assumes  that  Red  type  1 
weapons  are  twice  as  likely  to  shoot  at  Blue  type  2  weapons  than  at  Blue  type  1  weapons 
when  there  are  twice  as  many  Blue  type  2  weapons  present.  Similarly,  the  weighting 
factors  calculated  in  Section  1 1  say  that  Red  weapons  of  type  2  are  10  times  more  likely 


to  shoot  at  Blue  type  2  weapons  than  at  Blue  type  1  weapons  when  there  are  equal 
numbers  of  each  type  present.  Hence,  Red  type  2  weapons  are  20  times  more  likely  to 
shoot  at  Blue  type  2  weapons  than  at  Blue  type  1  weapons  when  there  are  twice  as  many 
Blue  type  2  weapons  present.  Accordingly,  AA  WD  here  satisfies  the  properties  that 

AAWD(1,2,2)  =2*AAWD(1,1,2) 

and 

AAWD(2,2,2)  =  20*AAWD(2,1,2). 

Of  course,  these  allocations  must  sum  to  1.0  across  target  types;  that  is,  AAWD  must 
satisfy  both 

AAWD(1,1,2)  +  AAWD(1,2,2)  =  1.0 
and 

AAWD(2,1,2)  +  AAWD(2,2,2)  =  1.0  . 

Note  that  the  values  for  AAWD  above  are  the  unique  solutions  to  these  equations. 

6.  Section  13  (Lines  2167-2210) 

a.  Inputs  and  Outputs 

Primary  Section  Inputs 

ERTA(IW,KP,L) 

ERTD(IW,KP,L) 

Section  Outputs 
EERTA(IW,KP,L) 

EERTD(IW,KP,L) 

Discussion 

As  noted  in  Chapter  H,  above,  either  some  meaningful  calculations  could  be  made 
here  (such  as  applying  the  factors  FRRINA  and  FRRINH  here  instead  of  in  Section  21, 
and  then  deleting  Section  21),  or  this  section  could  be  deleted,  and  EERTA  and  EERTD 
could  be  replaced  by  ERTA  and  ERTD,  respectively,  throughout  the  code. 


§P»rgg 

Model  Input 
Model  Input 

Next  Relevant  Use 
Section  17 
Section  17 


I 


b.  Numeric  Example 


Relevant  Section  Incuts 

Data 

ERTA(«,1,1) 

0.4 

0.4 

ERTD(*,1,2) 

0.4 

11.0 

Relevant  Section  Outputs 

Data 

EERTA(*,1,1) 

0.4 

0.4 

EERTD(*,1,2) 

0.4 

11.0 

7.  Section  14  (Lines  2211-2293) 

This  section  concerns  only  preferred  munitions  and  therefore  contains  no 
calculations  relevant  to  the  numeric  example. 

8.  Section  15  (Lines  2294-2542) 

No  calculations  whatsoever  are  made  here. 


Section  16  (Lines  2543-2577) 

a.  Inputs  and  Outputs 

Primarv  Section  Innuts 

Source 

BAWASM(IW,KW.ISM) 

Section  14 

BAWDSM(IW,KW,ISM) 

Section  14 

RAWASM(IW,KW,ISM) 

Section  14 

RAWDSM(IW,KW,ISM) 

Section  14 

AAWA(IW,KWa.) 

Section  12 

AAWD(IW,KWa.) 

Section  12 

AAWA(IW,KWa.) 

Section  18 

AAWD(IW,KWW 

Section  18 

Discussion 

This  section  changes  the  definitions  of  AAWA  and  AAWD.  Just  before  this 
section,  AAWA(IW,KWdv)  gives  the  fraction  of  the  engagements  by  weapons  of  type  IW 
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on  side  L  that  will  be  made  against  enemy  weapon  of  type  KW  if  side  L  is  on  attack. 
Accordingly,  just  before  this  section,  AAWA(IW,KWJ-)  sums  to  1.0  over  KW  for  each 
relevant  IW  and  L.  Just  after  this  section,  AAWA(IW,KW,L)  gives  the  fraction  of  the 
engagements  by  weapons  of  type  IW  on  side  L  that  wiU  be  made  against  enemy  weapons 
of  type  KW  using  nonpreferred  munitions  if  side  L  is  on  attack.  Accordingly,  just  after 
this  section,  AAWA(IW,KW,L)  sums  over  KW  to  the  fraction  of  engagements  by 
weapons  of  type  IW  on  side  L  that  will  be  made  (against  all  enemy  weapons)  using  non¬ 
preferred  munitions  if  side  L  is  on  attack.  Of  course,  the  analogous  comments  apply  to 
AAWD  and  side  L  on  defense. 


b.  Numeric  Example 

Relevant  Section  Inputs  Dm 


AAWA(1,*,1) 

0.5000 

0.5000 

AAWA(2,«,1) 

0.5000 

0.5000 

AAWD(1,«,2) 

0.3333 

0.6667 

AAWD(2,*,2) 

0.0476 

0.9524 

RsIs.Y.am  5.6.gtion.Quffims 

Data 

AAWA(1,%1) 

0.5000 

0.5000 

AAWA(2,*,1) 

0.5000 

0.5000 

AAWD(1,«,2) 

0.3333 

0.6667 

AAWD(2,«,2) 

0.0476 

0.9524 

Discussion 

Since,  in  this  example,  it  is  assumed  that  all  weapons  are  using  nonpreferred 
munitions  in  all  of  their  engagements,  this  section  docs  not  change  the  values  of  AAWA 
and  AAWD. 

10.  Section  17  (Lines  2578-2638) 
a.  Inputs  and  Outputs 


EERTA(IW,KPa-) 

EERTDdWJCPJ.) 


SgM.rg.6 

Section  13 
Section  13 


BPKASM(IW,KW,ISM) 

BPKDSM(IW,KWJSM) 

RPKASM(IW,KW4SM) 

RPKDSM(IW,KWJSM) 

FPKASM(KP) 

FPKDSM(KP) 

BPKAW(IW,KW,KP) 

BPKDW(IW,KW,KP) 

RPKAW(IW,KW4CP) 

RPKDW(IW,KW4CP) 

Secrion  Outputs 
BVWASM(IW,KW.L) 

BVWDSM(IW,KW,L) 

RVWASM(IW,KW,L) 

RVWDSM(IW,KW,L) 

VIWAW(IW,KW,L)  Section  18 

VIWDW(IWJCW.L)  Section  18 

Discussion 

J-8's  TACWAR  makes  extensive  use  of  the  product  of  the  number  of  engagements 
each  shooter  can  make,  on  average,  per  time  period  (e.g.,  EERTA  '  times  the  allocation  of 
those  engagements  to  the  various  types  of  targets  (e.g.,  AAWA)  times  the  probability  of 
kill  by  that  type  of  shooter  against  that  type  of  target  in  one  of  those  engagements  (i.e., 
BPKAW).  This  section  computes  only  part  of  this  product;  e.g.,  it  computes 

EERTA(IW,KP,1  )*BPKAW(IW,KW,KP). 

Section  18,  which  follows,  finishes  the  multiplication  by  computing,  for  example, 

AA  WA(IW,KW,  1  )*[EERTA(IW,KP,  1  )*BPKAW(IWJCW  JCP)]. 

The  only  role  played  by  VIWAW  and  VIWDW  is  to  pass  this  (partial)  product  from 
Section  17  to  Section  18.  In  short,  the  relatively  small  arrays  VIWAW  and  VIWDW,  as 
well  as  the  corresponding  (for  preferred  munitions)  quite  large  arrays  BVWASM, 
BVWDSM,  RVWASM,  and  RVWDSM,  serve  a  very  limited  purpose. 


Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Next  Relevant  Use 
N/A 

N/A 

N/A 

N/A 
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b.  Numeric  Example 


Relevant  Section  Inputs 

Data 

EERTA(«,1,1) 

0.4 

0.4 

EERTD(*.U) 

0.4 

11.0 

BPKAW(1,«,1) 

0.500 

0.500 

BPKAW(2,*,1) 

0.005 

0.005 

RPKDW(1,*,1) 

0.500 

0.500 

RPKDW(2,«,1) 

0.001 

1.000 

Relevant  Section  Outputs 

Data 

VIWAW(1,‘,1) 

0.200 

0.200 

VIWAW(2,*.l) 

0.002 

0.002 

VIWDW(1.«.2) 

0.200 

0.200 

VIWDW(2,«a) 

0.011 

11.000 

11.  Section  18  (Lines  2639-2697) 


a.  Inputs  and  Outputs 

Primary  Section  Inputs 

BAWASM(IW,KW,L) 

BAWDSM(IW,KW,L) 

BVWASM(IW,KWa.) 

BVWDSM(IW.KW,L) 

RAWASM(IW,KW,L) 

RAWDSM(IW,KW,L) 

RVWASM(IW,KW,L) 

RVWDSM(IW,KW,L) 

AAWA(IW,KWa.) 

AAWD(IW,KWa.) 

VIWAW(IW,KW.L) 

VIWDW(IW.KWJL) 


Source 
Section  14 
Section  14 
Section  17 
Section  17 
Section  14 
Section  14 
Section  17 
Section  17 
Section  16 
Section  16 
Section  17 
Section  17 
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PWAKSMOWJCWJSMJ.)  N/A 

PWDKSMOWJCWJSMO-)  N/A 

PWAKWdWJCWJ-)  Section  24 

PWDKWdWJCWJL)  Section  24 

Disgussion 


After  the  loop  from  line  2670  through  line  2675,  PWAKW  and  PWDKW  give 
weapon-on-weapon  kill  rates  counting  only  those  kills  caused  by  nonpreferred  munitions; 
however,  after  this  section  has  been  processed  (i.e.,  after  the  loop  ending  on  line  2697), 
these  arrays  give  weapon-on-weapon  kill  rates  counting  all  kills  (i.e.,  caused  by  any  type 
of  munition,  preferred  or  not).  Of  course,  in  the  numeric  example  given  here,  the  values 
in  these  arrays  just  after  line  2697  are  the  same  as  the  values  just  after  line  2675  since  no 
preferred  weapons  are  being  used  in  this  example. 


b.  Numeric  Example 

Relevant  Section  Inputs  Datg 


AAWA(1,»,1) 

0.5000 

0.5000 

AAWA(2,«,1) 

0.5000 

0.5000 

AAWD(1,*,2) 

0.3333 

0.6667 

AAWD(2,*,2) 

0.0476 

0.9524 

VIWAW(1,*,1) 

0.2000 

0.2000 

VIWAW(2,-,1) 

0.0020 

0.0020 

VIWDW(1,*,2) 

0.2000 

0.2000 

VIWDW(2.«,2) 

0.0110 

11.0000 

Rglevant  Section  Outputs 

Dam 

PWAKW(1,«,1) 

0.1000 

0.1000 

PWAKW(2,',1) 

0.0010 

0.0010 

PWDKW(1,*,2) 

0.0667 

0.1333 

PWDKW(2,«,2) 

0.0005 

10.4762 
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Discussion 

This  section  completes  the  multiplications  started  in  Section  17. 

12.  Section  19  (Lines  2698-2911) 

This  section  concerns  writing  outputs  only;  it  makes  no  relevant  calculations  for 
the  numeric  example  given  here. 

13.  Section  20  (Lines  2912-3017) 

a.  Inputs  and  Outputs 
Primary  Section  Inputs 
EERTA(IW,KPJL) 

EERTD(IWJCPa-) 

AAWA(IW4CWJL) 

AAWD(IW3CW.L) 

BAWASM(IW,KW,ISM) 

BAWDSM(IW.KW,ISM) 

RAWASM(IW,KW,ISM) 

RAWDSM(IW,KW,ISM) 

Section  Outputs 
EXNPMN(IW,KW,L) 

TEXNPM(IW,ISJ.) 

EXPMN(IW,KW,ISM,ISJ.) 

SMENG(IW,ISM,ISa-) 

Discussion 

The  outputs  of  this  section  are  scaled  in  Section  34,  but  these  outputs  are  not  used 
to  calculate  the  values  of  any  other  variable  or  array  in  Subroutine  GC  (nor  are  they 
cumulative  values). 


Source 

Section  13 
Section  13 
Section  16 
Section  16 
Section  14 
Section  14 
Section  14 
Section  14 

Next  Relevant  Use 
Section  34 
Section  34 
N/A 
N/A 
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b.  Numeric  Example 


Relevant  Section  Inputs 

Data 

EERTA(».1,1) 

0.4(X)0 

0.4000 

EERTD(*,U) 

0.4000 

11.0000 

AAWA(1,*,1) 

0.5000 

0.5000 

AAWA(2,*.l) 

0.5000 

0.5000 

AAWD(1.«,2) 

0.3333 

0.6667 

AAWD(2,*,2) 

0.0476 

0.9524 

Relevant  Section  Outputs 

Data 

EXNPMN(1.-,1) 

0.2000 

0.2000 

EXNPMN(2,«.l) 

0.2000 

0.2000 

EXNPMNd,*^) 

0.1333 

0.2667 

EXNPMN(2,«.2) 

0.5238 

10.4762 

TEXNPM(«,1,1) 

0.4000 

0.4000 

TEXNPM(«,1,2) 

0.4000 

11.0000 

Discussion 

It  is  no  coincidence  that  TEXNPM  equals  EERTA  for  the  attacker  and  EERTD  for 
the  defender.  These  equalities  must  hold  whenever  the  weapons  systems  involved  use 
only  nonprefened  munitions. 

14.  Section  21  (Lines  3018-3040) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
section  of  the  code. 
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D.  PART  D  (LINES  3041-3249) 


1.  Section  22  (Lines  3041-3115) 


a.  Inputs  and  Outputs 

Primary  Section  Inputs 

Source 

MVCASO 

Model  Input 

IWUCEOW) 

Model  Input 

WSI(IW.IS,1) 

Section  6 

Next  Relevant  Use 

IWUCEE 

Section  24 

isAas) 

N/A 

FRADaS) 

N/A 

Kpsas) 

N/A 

iwucEsas) 

Subroutine  Output 

b.  Numeric  Example 
Relevant  Secrion  Inputs 

MVCASO 
IWUCE(l) 

WSI(*.1.1) 

Relevant  Section  Outputs 

IWUCEE 
IWUCES(l) 

Pisgussion 

According  to  the  data  in  this  example,  this  section  of  the  code  sets  IWUCEE  = 
IWUCE(l),  and  it  does  not  change  the  values  of  ISA(l),  FRAD(l),  or  KPS(l);  accord¬ 
ingly,  the  code  here  has  no  effect  on  this  example. 


Data 

either  0  or  I 
1 

100.  200. 

Dm 

1 

1 
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2.  Section  23  (Lines  3116-3249) 

a.  Inputs  and  Outputs 

Primary  Seerion  Inputs 
MVCASO 

SSAMA(IAM,KWJ-) 

SAMMDdAMJCWL) 

SSAMMACIMMJCWJ.) 

SSAMMDCIMMJKW^) 

WS(IW,L) 

AMLFDOACJSJ-) 

AMNLAF(IAC,1.L) 

amnlciacjam^) 

AMNL(IACJAM,8) 

VAMAW(IAMJCW.L) 

VAMDW(IAM3CWJ.) 

SSMNLiaSSMJMML) 

VMMAW(IMM,KW,L) 

VMMDW(IMM.KW.L) 

SKtion-QuiEHts 

PAAKW(IAC,KWJL) 

PADKW(IAC,KWa.) 

PMAKWaSSMJCWJ.) 

PMDKWaSSMJCW^) 


Spyrpg 
Model  Input 
Section  11 
Section  1 1 
Section  11 
Section  1 1 
Section  6 
Subroutine  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Next  Relevant  Use 
Section  24 
Section  24 
N/A 
N/A 


Discussion 

This  section  essentially  does  for  both  aircraft  and  SSMs  what  Sections  12, 13, 14, 
16, 17, 18,  and  19  (combined)  do  for  ground  weapons. 

b.  Numeric  Example 

Relevant  Section  Inputs  Daia 

either  0  or  1 
0.5  0.5 

0.0  1.0 
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MVCASO 

SSAMA(1,«,1) 

SSAMD(1,«,2) 


WS(*,1)  100.  200. 

WS(*,2)  40.  40. 

AMLFDd.l,*)  1.  1- 

AMNLAF(1,1.*)  1*  1- 

AMNL(1,1,2)  4. 

AMNUl.l.S)  11- 

VAMAW(1,*,1)  0.5  0.5 

VAMDW(1,*^)  0.0  1.0 

Relevant  Section  Outputs  Data 

PAAKW(l,«.l)  1.0  1.0 

PADKW(1,-^)  0.0  11.0 

Discussion 


Given  that  the  data  for  SSAMA(1,*,1)  say  that  Blue  aircraft  would  allocate  their 
fire  equally  to  the  two  types  of  Red  ground  weapons  if  equal  numbers  of  those  weapons 
were  present,  that  the  data  for  WS(»,2)  say  that  equal  numbers  are  present,  and  that  the 
data  for  AMLFD(1,1,1),  AMNLAF(1,1,1),  and  AMNL(1,1,2)  say  that  each  penetrating 
Blue  aircraft  can  attempt  4  engagements,  it  follows  that  each  Blue  aircraft  attempts  2 
engagements  against  Red  ground  weapons  of  each  type.  Since  the  data  for 
VAMAW(1,«,1)  say  that  these  aircraft  have  a  probability  of  kill  per  engagement  of  0.5 
against  either  type  of  Red  ground  weapon,  each  Blue  aircraft  can  (potentially)  kill  1 
ground  weapon  of  each  type  per  (successfully  penetrating)  sortie.  Thus,  these  data  yield 
that  PAAKW(1,KW,1)  =  1.0  for  both  KW  =  1  and  KW  =  2. 

Given  that  the  data  for  SSAMD(1,»,2)  say  that  Red  aircraft  allocate  all  of  their  fire 
against  Blue  ground  weapons  of  type  2;  that,  based  on  these  data,  each  penetrating  Red 
aircraft  can  attempt  1 1  engagements;  and  that  the  data  for  VAMDW(  1,2,2)  say  that  these 
aircraft  have  a  probability  of  kill  per  engagement  of  1.0  against  Blue  weapons  of  type  2, 
PADKW(1,1,2)  =  0.0  and  PADKW(1,2,2)  =  11.0. 
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E.  PART  E  (LINES  3250-3942) 


1.  Section  24  (Lines  3250-3397) 


a.  Inputs  and  Outputs 

Primary  Secrion  Inputs 

PWAKWdWJCWJ-) 

PWDKW(IWJCWL-) 

VIWASF(IW,1) 

IWUCEE 

MNIE 

EFCE 

PAAKW(UC.KWJ.) 

PADKW(IAC,KWX) 

PMAKWaSSMJCW^) 

PMDKWaSSM,KW,L) 

Secrion  Outputs 

VrWACFOWJS^) 

VIWDCF(IW,IS.L) 

VIAACF(IACJS,L) 

VIADCFOACJSa.) 

VIMACFaSSMJSX) 

VIMDCFaSSM,ISJ.) 


Source 
Section  23 
Section  23 
Subroutine  Input 
Section  22 
Model  Input 
Model  Input 
Section  23 
Section  23 
Section  23 
Section  23 

Next  Relevant  Use 
Section  25 
Section  25 
Section  26 
Section  26 
N/A 
N/A 


Piseussign 

This  section  computes  the  antipotential  potential  scores  for  ground  weapons 
(VIWACF  and  VIWDCF),  for  aircraft  (VIAACF  and  VIADCF),  and  for  SSMs  (VIMACF 
and  VIMDCF)  based  on  the  kill  rate  matrices  PWAKW  and  PWDKW  (for  ground 
weapons  versus  ground  weapons),  PAAKW  and  PADKW  (for  aircraft  firing  at  ground 
weapons),  and  PMAKW  and  PMDKW  (for  SSMs  firing  at  ground  weapons.)  This 
section  calls  Subroutines  EIGENV  and  MPROD  to  help  make  these  calculations,  and  it  is 
the  only  section  in  GC  that  calls  EIGENV  or  MPROD. 
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b.  Numeric  Example 


Relevant  Section  Inputs 

Dam 

PWAKW(1,-,1) 

0.1000 

0.1000 

PWAKW(2,‘,1) 

0.0010 

0.0010 

PWDKW(1,*,2) 

0.0667 

0.1333 

PWDKW(2,»,2) 

0.0005 

10.4762 

VIWASF(*,1) 

1. 

1. 

IWUCEE 

1 

MNIE 

1000 

EFCE 

0.00001 

PAAKW(1,«,1) 

1.0 

1.0 

PADKW(1,«,2) 

0.0 

11.0 

Relevant  Section  Outputs 

Data 

VIWACF(*,1,1) 

1.0000 

0.0100 

VIWDCF(*,1,2) 

0.5166 

0.7998 

VIAACF(1,1.1)  10.000 

V1ADCF(1.1,2)  0.836 

Discussion 

Antipotential  potential  scores  for  grounds  weapons  are  eigenvectors  of  the  product 
matrix  of  ground  versus  ground  kill  rate  matrices  (see  Appendix  A  of  Reference  [1 1]  for 
details).  These  eigenvectors  are  computed  in  Subroutine  EIGENV  using  an  iterative 
technique.  VIWASF(rW,l),  MNIE,  and  EFCE  are  used  only  to  give  a  starting  point  for 
the  iterative  technique,  to  put  an  upper  bound  on  the  number  of  iterations  attempted,  and 
to  stop  the  iteration  when  convergence  is  close  enough,  respectively.  If  the  kill  rate 
matrices  are  "well  behaved,"  then  this  technique  will  converge  very  quickly  (and  so,  in 
general,  the  value  of  MNIE  is  not  important  just  as  long  as  it  is  not  too  small,  and  a  very 
small  value  can  be  used  for  EFCE).  Also,  if  the  kill  rate  matrices  are  "well  behaved,"  this 
technique  is  guaranteed  to  converge  to  a  unique  (up  to  a  scaling  constant)  eigenvector,  so 
(except  for  running  time)  the  values  for  VIWASF  are  irrelevant — any  strictly  positive 
vector  would  suffice  (of  course,  the  closer  VIWASF  is  to  the  eigenvector  to  be  found,  the 
shoner  the  running  time  will  be). 
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The  point  here  is  not  to  specify  how  Subroutine  EIGENV  works,  instead,  it  is  to 
observe  what  EIGENV  produces.  For  VIWACF(«.1,1)  to  be  an  antipotential  potential 
weapons  score  vector,  it  must  be  an  eigenvector  of  the  matrix  Rj(IW,JW),  where 

NW(2) 

RlOWJW)  =  X  PWAKW(IW,KW,1)*PWDKW(KW,JW,2) . 

KW=1 


In  addition,  it  must  satisf>  two  scaling  propenies,  one  of  which  is  simply  that 
VIWACF(IWUCEE,1,1)  =  1;  the  other  scaling  property  is  discussed  below. 


To  see  that  VIWACF  is  an  eigenvector  of  Ri,  note  that 


VIWACF(»,1,1) 


1.0000' 

0.0100 


[Rl(IWJW)]  = 


‘0.006722  1.06095' 
0.000067  0.01061 


and 


Xi 


1.0000 

0.0100 


'0.006722  1.06095' 

'1.0000' 

'0.01733' 

0.000067  0.01061 

0.0100 

0.00017 

for  =  0.01733.  Analogously  for  Side  2,  note  that 

NW(1) 

R2(IWJW)  =  P\VDKW(rw,KW,2)*PWAKW(KW,JW,l) , 
KW=1 


so 


[R2CIWJW)]  = 


.006800  .006800 
.010531  .010531 


and 


^2 

'0.5166' 

'.006800  .006800' 

'0.5166' 

'0.00895152' 

0.7998 

.010531  .010531 

0.7998 

0.013863 

where,  as  required  by  the  theory  of  eigenvalues,  ^2  =  ^,1=  0.01733. 
Let 


P  =  V^1=V^2  =  01316. 
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Then  antipotential  potential  also  requires  that  VIWDCF(»,1,2)  be  scaled  so  that 

NW(l) 

P*VIWDCF(IW,1,2)  =  X  PWDKW(rW,KW,2)*VIWACF(KW,l,l) 

KW=1 

for  all  IW  from  1  through  NW(2),  and  so  (necessarily) 

NW(2) 

P*VIWACF(IW,1,1)  =  X  PWAKW(IWJCW.1)*VIWDCF(KW.1.2) 

KW=1 

for  all  IW  from  1  through  NW(1).  To  see  that  these  equations  hold  here,  note  that 


and  that 


0.1316 

0.5166' 

'0.0667 

0.1333' 

'1.0000' 

0.0010 

0.7998 

0.0005 

10.4762 

'l.OOOO' 

'0.1000 

0.1000' 

'0.5166' 

0.1316 

0.0100 

— 

0.0100 

0.0100 

0.7998 

to  vithin  a  reasonable  tolerance  for  rounding  in  the  final  decimal  place.  Note  also  that 
the  last  two  equations  give  a  numeric  example  for  the  basic  antipotential  potential 
assumptions:  (1)  that  the  scores  for  Red  weapons. 

Red  type  1:  0.5166 

Red  type  2:  0.7998  , 

are  proportional  to  the  rate  at  which  these  weapons  are  killing  Blue  weapons, 

_ Target _ 


Shooter 


Blue  type  1 
0.0667 


Blue  type  2 
0.153^ 


Red  type  1: 

Red  type  2:  0.0005  10.4762  , 

times  the  scores  for  the  Blue  weapons. 

Blue  type  1:  l.OCKX) 

Blue  type  2:  0.0100  ; 

and  (2)  that  the  scores  for  Blue  weapons  (given  just  above)  are  proportional  to  the  rate  at 
which  these  weapons  are  killing  Red  weapons. 
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_ Target _ 

Shooter  Red  type  1  Red  type  2 

Blue  type  1:  ?DM5  0500 

Blue  type  2:  0.0100  0.0100 , 

times  the  scores  for  the  Red  weapons  (given  above),  where  the  constant  of  proportion¬ 
ality,  0.1316  here,  must  be  the  same  for  both  sides. 


Antipotential  potential  calculates  the  scores  for  aircraft  using  an  analogous 
assumption  with  the  same  constant  of  proportionality.  Accordingly,  in  the  example  here. 


VIAACF(1,1,1) 


[1.0  1.0] 


0.5166 

0.7998 


"Ol^  *  (1.3164)  =  10.000 , 


and 


VIADCF(1,1,2) 


[0.0  11.0] 


1.000 

0.010 


which  gives  the  scores  for  the  Blue  and  Red  aircraft,  respectively. 


2.  Section  25  (Lines  3398-3605) 


a.  Inputs  and  Outputs 

Primary  Section  Inputs 

SoMfCg 

BWD(IW,ID) 

Subroutine  Input 

WDIV(IW,ID) 

Model  Input 

TWD(IW,ID 

Model  Input 

vrwACF(rw,is,L) 

Section  24 

VIWDCF(IW,IS,L) 

Section  24 

BPD(ID) 

Subroutine  Input 

PDIVaD) 

Model  Input 

NEAEF(IC) 

Model  Input 
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NEDEFaC) 

XAEFOEAEFJC) 

XDEF(ffiDEF4C) 

YAEFOEAEFJC) 

YDEFOEDEFJC) 

NWAEFFaC) 

NWDEFFaC) 

XWAEF(IWAEF,IC) 

XWDEFOWDEFJC) 

YWAEFOWAEFJC) 

YWDEFOWDEFJC) 

TNGMOD(ID) 

FSEFED 

Section  Outputs 

EFFDA(ID) 

EFFDD(ID) 

VDACOD) 

VDDCOD) 

VGABAaS,L) 

VGDBAaS,L) 

VGABAI(IS,L) 

VGDBAI(IS,L) 

Discussion 


Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
-/lodel  Input 
Subroutine  Input 
Model  Input 


For  each  ground  unit  in  combat,  this  section  (re)calculates  the  numbers  of 
weapons  by  type  that  are  allowed  on  the  front  and  then  (using  the  weapon  scores  from 
Section  24)  calculates  both  the  total  scores  of  all  of  the  weapons  on  each  side  that  are 
somehow  involved  in  ground  combat  (VGABA  and  VGDBA)  and  the  total  scores  of  the 
portions  of  these  weapons  that  are  allowed  on  the  front  (VGABAI  and  VGDBAI).  These 
scores  can  then  be  degraded  as  follows:  nonlinearly  to  account  for  shortfalls  (relative  to 
fully  authorized  strengths)  in  the  number  of  people  and  the  number  of  equivalent 
weapons,  by  a  weighted  average  of  nonlinear  degradations  due  to  shortfalls  of  supplies 
(by  type  of  supplies),  and  by  an  input  factor  to  account  for  training. 

In  the  relatively  simple  example  here,  all  of  the  weapons  involved  in  the  ground 
combat  calculations  are  allowed  on  the  front  (so  VGABA  =  VGABAI  and  VGDBA  = 
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VGDBAI),  all  units  are  at  full  strength  in  terms  of  numbers  of  weapons  and  people, 
supply  shortages  are  not  simulated,  and  the  training  factor  is  assumed  to  be  1.0.  Thus,  in 
this  example,  this  section  only  computes  VGABA,  VGABAI,  VGDBA,  and  VGDBAI  as 
the  sum  over  weapon  types  of  the  number  of  weapons  present  by  type  times  the  score  per 
weapon  for  weapons  of  that  type  (on  attack  or  defense,  as  appropriate).  The  code  used 
here  becomes  more  complex,  and,  arguably,  contains  some  potential  problems  if  these 
other  factors  (shortages  in  people,  weapons,  and  supplies,  and  limited  fronts)  are 
considered  (see  Reference  [12]). 


Data 

3000. 

800. 

100. 

200. 

40. 

40. 

1.0000 

0.0100 

0.5166 

0.7998 

Data 

102.00 

102.00 

105.31 

105.31 


3,  Section  26  (Lines  3606-3640) 


Spurgg 

Subroutine  Input 
Section  24 
Section  24 
Section  2 
Section  24 
Section  24 
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Section  Outputs 

VAABAaSO-) 

VADBAaSJ.) 

VMABA(IS,L) 

VMDBAaS,L) 


Mext  Relevant  use 
Section  27 
Section  27 
N/A 
N/A 


Discussion 

This  section  only  states,  for  example,  that  if  ACSABA(1,1,1)  sorties  of  aircraft  of 
type  1  on  Side  1  penetrate  Side  2's  defenses  far  enough  to  deliver  their  ordnance  on  close 
air  support,  and  if  each  such  sortie  has  a  score  of  VIAACF(  1,1,1),  then  the  total  score  for 
all  of  these  sorties  is  the  product  ACS ABA(l,l,l)*Vl/iACF(  1,1,1). 


b.  Numeric  Example 

Relevant  Section  Inputs  Dsia 

ACSABAd,!,-)  10.  20. 

VIAACF(1,1,1)  10.000 

VIADCF(1,1,2)  0.836 

Relevant  Section  Outputs  Dgm 

VAABA(1,1)  100.00 

VADBA(1,1)  16.72 


4.  Section  27  (Lines  3641-3771) 


a.  Inputs  and  Outputs 

Primary  Section  Inputs 

Scurcg 

VGABAI(IS,L) 

Section  25 

VGDBAI(IS,L) 

Section  25 

VAABAaS,L) 

Section  26 

VADBAaS,L) 

Section  26 

VMABAaS,L) 

Section  26 

VMDBA(IS,L) 

Section  26 

FRATA(KP,ISATD 

Model  Input 

ISCEF(IS) 

Subroutine  Input 
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Section  Outputs 

ICSA 

ISA(l) 

ISATT 

FRAD(l) 

Disgussion 


HssLReIgyaiii,U.ss 

N/A 

N/A 

N/A 

Subroutine  Output 


Due  to  the  simplifying  assumptions  made  here.  Side  1  is  necessarily  both  the 
"probable"  and  the  "actual"  sector  attacker,  so  most  of  the  calculations  in  this  section, 
while  potentially  quite  important,  are  not  applicable  in  this  example.  Note,  however,  that 
FRAD  is  calculated  here  for  use  by  Subroutine  FEB  A,  which  Program  TACWAR  calls 
after  it  calls  GC. 


b.  Numeric  Example 

Relevant  Section  Inputs  Data 

VGABAI(1,1)  102.00 

VGDBAI(1,2)  105.31 

VAABA(1,1)  100.00 

VADBA(1,2)  16.72 

Relevant  Section  Output  Data 

FRAD(l)  1.655 


Discussion 

The  total  Side  1  (ground  plus  air)  force  strength  is  102  +  100  =  202,  and  the 
(ground  plus  air)  Side  2  strength  is  105.31  +  16.72  =  122.03,  which  gives  a  force  ratio  of 
202.00/122.03  =  1.655 

5.  Section  28  (Lines  3772-3803) 

This  section  concerns  reductions  in  effectiveness  due  to  simultaneous  supply 
shortages,  and  so  is  not  relevant  to  the  numerical  example  here. 
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6.  Section  29  (Lines  3804*3891) 


a.  Inputs  and  Outputs 

Primary  Secrion  Inputs 

VGABAI(IS,L) 

VGDBAiaS,L) 

VGABAaSL.) 

VGDBAaSX) 

VAABAaSO-) 

VADBAaSX) 

VMABA(IS,L) 

VMDBA{IS,L) 

FASFRC 

FDSFRC 

PPESE 

NPCAF(L) 

XPCAFvTCAF,L) 

ypcaf:kp,ipcafl) 

NPCDF(L) 

XPCDF.IPCDF,L) 

YPCDF(KP,IPCDF,L) 

FCVLSCL) 


Source 

Section  25 
Section  25 
Section  25 
Section  25 
Section  26 
Section  26 
Section  26 
Section  26 
Model  Input 
Model  Input 
Section  28 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 
Model  Input 


Section  Outputs  Next  Relevant  Use 

PCS(L)  Section  38 

VLS(L)  Section  32 


Discussi  »n 

This  section  is  (in  a  logical  sense)  backwards.  Logically,  the  code  should  first 
compute  weapons  lost  by  type  based  on  an  an  appropriate  attrition  structure,  then 
compute  total  weapon  value  lost  and  associated  personnel  losses  based  on  these  weapons 
losses.  This  section  does  the  opposite.  It  first  attempts  to  compute  total  weapon  value 
lost  and  (optionally)  percent  casualties,  and  then  later  computes  weapons  lost  by  type  and 
(optionally)  personnel  losses  based  on  this  total  value  lost  and  this  percent  casualties. 
Th  re  are  two  errors  in  the  code  here.  First,  as  mentioned  above,  the  use  of  PPESE  on 
lines  3867  and  3876  "double  counts"  the  impact  of  supply  shortages  when  both  sides  are 
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suffering  such  shortages.  Since  the  example  being  discussed  does  not  consider  supply 
shortages,  this  error  has  no  effect  here.  (If  supplies  are  not  being  addressed.  Sections  25 
and  28  set  PPESE  =  1.)  Second,  as  discussed  in  Reference  [11],  FASFRC  should  apply 
to  VMABA  as  well  as  to  VAABA  on  lines  3827  and  3828,  and  FDSFRC  should  apply  to 
VMDBA  as  well  as  to  VADBA  on  line  3829.  Since  the  example  being  discussed  does 
not  consider  SSMs,  this  error  also  has  no  effect  here. 

If  MVCASO  =  1,  then  VLS(L)  is  never  used  (code  Section  32  is  not  processed), 
the  values  input  for  FCVLS(L)  are  ignored,  and  the  values  computed  here  for  VLS(L) 
mean  nothing.  If  MVCASO  *  1,  then  the  values  computed  here  for  VLS(L)  are  used  by 
GC  as  described  in  the  discussion  of  (code)  Section  32,  below. 

If  IPLSC  =  0  and  MVCASO  =  0,  then  PCS(L)  has  two  simultaneous  meanings. 
First,  it  gives  the  fraction  (percent)  of  the  number  of  personnel  (as  determined  by 
PDIV(ID)  for  the  relevant  values  of  ID)  that  are  lost  (i.e.,  become  casualties)  on  side  L 
due  to  the  combat  (in  the  sector  and  cycle)  being  simulated.  Second,  it  also  gives  a  term 
which,  when  multiplied  by  the  input  FCVLS(L),  is  assumed  to  give  the  absolute  amount 
of  value  lost  on  side  L  (where  value  is  measured  by  antipotential  potential  scores)  due  to 
all  losses  of  ground  weapons  in  this  combat.  If  IPLSC  =  0  and  MVCASO  =  1,  then 
PCS(L)  has  only  the  first  meaning,  not  the  second.  If  IPLSC  =  1  and  MVCASO  =  0,  then 
PCS(L)  has  only  the  second  meaning,  not  the  first — accordingly  in  this  case,  PCS(L)  does 
not  (except  as  a  fluke)  give  the  percent  casualties  in  a  sector.  Finally,  if  IPLSC  =  1  and 
MVCASO  =  1,  then,  like  VLS(L),  PCS(L)  is  never  used  and  the  values  computed  here  for 
PCS(L)  mean  nothing.  Accordingly,  if  IPLSC  =  1  and  MVCASO  =  1,  all  of  the  compu¬ 
tations  made  in  this  section  are  useless,  and  the  values  of  the  inputs  FASFRC,  FDSFRC, 
NPCAF,  NDCDF,  XPCAF,  XPCDF,  YPCAF,  and  YPCAF,  as  well  as  FCVLS,  have  no 
effect  on  any  of  the  results  of  GC. 

b.  Numeric  Example 


Relevant  Section  Inputs  Data 

VGABAI(1,1)  102.(X) 

VGDBAI(1,2)  105.31 

VGABA(1,1)  102.00 

VGDBA(1,2)  105.31 

VAABA(1,1)  100.00 

VADBA(1,2)  16.72 
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PPESE 

1.0 

NPCAF(l) 

8 

XPCAF(»,1) 

0. 

.5 

1.  2. 

3. 

4. 

6. 

20. 

XPCAF(1,-,1) 

.100 

.020 

.015  .012 

.010 

.009 

.008 

.005 

NPCDF(2) 

8 

XPCDF(*,2) 

0. 

.5 

1.  2. 

3. 

4. 

6. 

20. 

YPCDF(1,«,2) 

.0 

.010 

.015  .020 

.022 

.023 

.024 

.025 

FCVLS(«) 

3.059 

2.228 

Relevant  Section 

Outputs 

Dm 

PCS(«) 

0.01664 

0.01959 

VLS(-) 

5.192 

4.596 

Discussion 

As  discussed  in  Reference  [12],  0.0  is  the  only  logically  correct  value  that  can  be 
assigned  to  FASFRC  and  FDSFRC  concerning  aircraft — and  the  code  is  simply  wrong 
concerning  SSMs.  Rather  than  extend  FASFRC  and  FRSFRC  to  apply  to  SSMs  as  well 
as  aircraft,  a  better  fix  to  the  code  here  might  be  to  eliminate  those  inputs  entirely,  and  to 
replace  lines  3827  and  3828  with 

FRCA  =  VGABA(IS,L)  /  TEMP, 

to  delete  line  3829,  and  to  replace  TEMPI  with  VGABAI(IS,L)  on  lines  3830,  3831, 
3833,  and  3834. 

Setting 

FASFRC  =  FDSFRC  =  0.0 

yields 

FRCA  =  102.00/122.03  =  0.836 
and 

FRCD  =  202.00/105.31  =  1.918. 

Thus, 

PCS(l)  =  (.020)  (.015)  =  0.01664 

and 
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PCS(2)  =  (.015)  (.082)  +  (.020)  (.918)  =  0.01959. 


Thus, 

VLS(l)  =  (102.00)  (0.01664)  (3.059)  =  5.192 
and 

VLS(2)  =  (105.31)  (0.01959)  (2.228)  =  4.596 . 

7.  Section  30  aines  3892-3942) 

This  section  concerns  the  consumption  of  supplies  and  resulting  supply  invento¬ 
ries;  accordingly,  it  makes  no  calculations  relevant  to  the  numeric  example  presented 
here. 

F.  PART  F  (LINES  3943-4168) 

1.  Section  31  (Lines  3943-3953) 

This  section  starts  a  relatively  large  do-loop  (over  side)  which  consists  of  Sections 
31  through  37,  inclusive  (i.e.,  all  of  Parts  F,  G,  and  H).  In  any  given  cycle,  only  some  of 
these  sections  will  be  processed — the  choice  depending  on  the  values  of  the  input 
variables  MVCASO  and  IPLSC.  The  structure  here  is  as  shown  in  the  following  chart. 


In  the  example  here,  all  four  cases  will  be  considered,  labeled  as  follows: 


IPLSC  -  0 

tPLSC  -  1 

MVCASO  -  0 

Case  MO/0 

Case  MO/1 

MVCASO  -  1 

Case  Ml/0 

Case  Ml /I 
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The  remainder  of  Section  31  just  sets:  (a)  one  meaningful  working  va.iable — H, 
(b)  five  meaningless  working  variables — N2,  N3,  N4,  N5,  and  N6,  and  (c)  one  poorly 
named  working  variable — ^TEMP — that  belongs  in  Section  32,  not  31. 

2.  Section  32  (Lines  3954-4075) 

As  noted  above,  this  section  of  the  code  is  processed  by  GC  only  if  the  input 
MVCASO  is  not  1  (i.e.,  only  if  MVCASO  is  0, 2,  or  3). 


a.  Inputs  and  Outputs 

Primarv  Section  Incuts 

Source 

MVCASO 

Model  Input 

WS(IW,  L) 

Section  6 

WSI(IW,IS,L) 

Section  6 

PWAKW(IWJCW,L) 

Section  23 

PWDKW(IWJCW,L) 

Section  23 

ACSABA(IAC4S,L) 

Subroutine  Input 

PAAKW(IAC,KW,L) 

Section  23 

PADKW(IAC,KW,L) 

Section  23 

SSMALOaSSM.IS,L) 

Subroutine  Input 

PMAKWaSSM,KW,L) 

Section  23 

PMDKWaSSM,KW,L) 

Section  23 

VIWACF(IW,IS,L) 

Section  24 

VIWDCF(IWJS,L) 

Section  24 

VLS(L) 

Section  29 

SFAPP(L) 

Section  4 

NUMINC(L) 

Section  4 

nCAS(2,L) 

Model  Input 

Section  Outputs 

Next  Relevant  Use 

SFAPP(L) 

Section  42 

NUMINC(L) 

Section  42 

VFACTOR 

Section  34 

GKGS(IW,KW,L) 

Section  35 

DGRDOW) 

Section  37 

AKGS(IAC3CWd-) 

Section  35 
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DAIR(IW)  Section  37 

XMKGSaSSMJCWJ.)  N/A 

DSSM(IW)  N/A 

WLS(IW,IS,L)  Section  38 


Discussion 

Since  (as  noted  above)  the  basic  approach  here  is  essentially  backwards,  the  logic 
implementing  this  approach  is  necessarily  somewhat  convoluted.  With  one  exception, 
this  logic  is  discussed  in  conjunction  with  the  numeric  data  below.  The  one  exception 
concerns  the  input  FICAS.  This  input  is  discussed  in  Reference  [12]  and,  except  for 
setting  its  value  to  1.0,  it  will  not  be  discussed  further  here. 


b.  Numeric  Example 

Relevant  Section  Inputs 

MVCASO 

Data 

0  (for  Clases  MO/0  &  1 

WS(*.l) 

100. 

200. 

WS(«,2) 

40. 

40. 

WSI(«,1,1) 

100. 

200. 

WSI(«,1,2) 

40. 

40. 

PWAKW(1,.,1) 

0.1000 

0.1000 

PWAKW(2,«,1) 

0.0010 

0.0010 

PWDKW(1,«,2) 

0.0667 

0.1333 

PWDKW(2,*,2) 

0.0005 

10.4762 

ACSABA(1,1,-) 

10. 

20. 

PAAKW(1,*,1) 

1.0000 

1.0000 

PADKW(1,«,2) 

0.0000 

11.0000 

VIWACF(«,1,1) 

1.0000 

0.0100 

VIWDCF(*,1,2) 

0.5166 

0.7998 

VLS(«) 

5.192 

4.596 

SFAPP(«) 

0. 

0. 

NUMINC(-) 

0 

0 

nCAS(2,«) 

1. 

1. 

Relevant 
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Loss-Related 


Losses  on  Side  L  =  2 _ 

NUMINC(L) 

1 

1 

SFAPP(L) 

0.5684 

0.17284 

VFACTOR 

0.5684 

0.17284 

DGRD(‘) 

1.53 

131.72 

1.76 

1.76 

DAIR(«) 

0 

68.28 

1.73 

1.73 

WLS(-,1,L) 

1.53 

200.00 

3.49 

3.49 

Relevant 

KVS-Related 

_ Di 

da _ 

■ninsiHERsnfflissnsisiH 

1  Killing  Side  2 

GKGS(1,»,L) 

1.52 

1.654 

1.73 

1.73 

GKGS(2,-,L) 

0.01 

130.063 

0.03 

0.03 

AKGS(1,«,L) 

0 

68.283 

1.76 

1.76 

Discussion 


First,  Section  32  computes  how  many  target  weapons  by  type  would  be  killed  by 
each  type  of  shooting  weapon,  assuming  the  following: 

(1)  Each  engagement  made  by  each  shooter  is  made  against  a  target  that  both 

(a)  is  not  simultaneously  being  engaged  by  another  shooter,  and 

(b)  has  not  already  been  "killed”  (before  or)  during  the  combat  (in  the 
cycle)  being  simulated. 

(2)  All  "bullets  pass  in  mid-air"  in  that  all  of  the  weapons  involved  participate  in 
all  of  their  engagements  (as  determined  by  the  inputs  ERTA  and  ERTD) 
before  any  shooter  or  either  side  is  killed. 

(3)  The  values  input  for  these  engagement  rates  and  for  the  probabilities  of  kill 
per  engagement  are  generally  appropriate  (i.e.,  are  good  enough  Tor  the 
analyses  being  made). 


Given  these  assumptions  and  the  data  above,  unsealed  attrition  to  ground  weapons  in 
combat  is  calculated  as  indicated  on  Table  ni-3: 
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Table  III-3.  Unsealed  Attrition  Calculations 


Shooting 

System 

Type 

Number 

of 

Shooting 

Systems 

Kill  Rate 
Per 

Shooting 

System 

Potential 

Kills 

Target 

System 

Type 

Target 

Side 

Side  1  Shootinq  at  Side  2 

Ground-1 

100. 

0.1000 

10.0 

Ground-1 

2 

0.1000 

10.0 

Ground-2 

2 

Ground-2 

200. 

0.0010 

0.2 

Ground-1 

2 

0.0010 

0.2 

Ground-2 

2 

Air-1 

10. 

1.0000 

10.0 

Ground-1 

2 

I.OOOU 

10.0 

Ground-2 

2 

I  Side  2  Shootinq  at  Side  1  1 

Ground- 1 

40. 

0.0667 

2.67 

Ground- 1 

1 

0.1333 

5.33 

Ground-2 

1 

Ground-2 

40. 

0.0005 

0.02 

Ground- 1 

1 

10.4762 

419.05 

Ground-2 

1 

Air-1 

20. 

0.0000 

0.00 

Ground-1 

1 

11.0000 

220.00 

Ground-2 

1 

These  calculations  yield  the  following  "potential"  killer-victim  scoreboards  and 
total  attrition: 


Unsealed  Kills  On  Side  2 

Shooting  System  Target  System  Type: 

■  Type  on  Side  1 _ Ground- 1  Ground-2 


Ground- 1 

10.0 

10.0 

Ground-2 

02 

0*2 

Total  Ground 

10.2 

10.2 

Air-1 

10.0 

10.0 

Grand  Total 

20.2 

20.2 

Shooting  System 

Unsealed  Kills  On  Side  1 

Target  System  Type: 

_ Type  on  Side  2 _ 

Ground- 1 

Ground-2 

Ground- 1 

2.67 

5.33 

Ground-2 

0.02 

419.05 

Total  Ground 

2.69 

424.38 

Air-1 

om 

220.0 

Grand  Total 

2.69 

644.38 

These  results  are,  at  best,  "potential"  because  they  are  based  on  the  three  assumptions 
given  above  and,  no  matter  how  reasonable  the  data  are  (i.e.,  no  matter  how  good 
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Assumption  3  is).  Assumptions  1  and  2  above  are  questionable.  Since  Assumptions  1  and 
2  each  overstate  attrition,  the  attrition  results  above  are  (if  all  else  is  acceptable)  too  high 
and  should  be  reduced.  In  fact,  the  model  does  reduce  this  attrition,  but  it  essentially  does 
so  by  retaining  Assumptions  1  and  2  while  dropping  Assumption  (3). 

To  reduce  this  attrition,  the  model  proceeds  as  follows.  First,  it  computes  the 
unsealed  total  value  lost  on  each  side  as  follows: 


Target 

System  Type 

Antipotential 
Potential 
Value  Per 
System 

Unsealed 

Losses 

Unsealed 
Value  Lost 

1  Targets  on  Side  1  I 

Ground-1 

1.000 

2.69 

2.690 

Ground-2 

0.010 

644.38 

LMA 

9.134 

1  Targets  on  Side  2  I 

Ground- 1 

0.5166 

20.2 

10.435 

Ground-2 

0.7998 

20.2 

16.591 

26.591 

Second,  the  model  assumes  that  the  real  total  value  lost  on  side  L  is  given  by 
VLS(L)  as  computed  in  Section  29.  It  then  computes,  for  Side  1, 

VFACTOR  =  VLS(l)  /  Total  Unsealed  Value  Lost  on  Side  1 

=  5.192/9.134  =  0.5684, 

and  it  computes,  for  Side  2, 

VFACTOR  =  VLS(2)  /  Total  Unsealed  Value  Lost  on  Side  2 
=  4.596/26.591  =0.17284. 

Next,  the  model  assumes  that  the  input  intensity  of  the  kill  rates  for  Side  1  killing 
Side  2  is  really  too  big  by  a  factor  of 

1/0.17284  =  5.79, 

and  that  the  input  intensity  of  the  kill  rates  for  Side  2  killing  Side  1  is  really  too  big  by  a 
factor  of 

1/0.5684  =  1.76. 

Operating  on  this  assumption,  the  model  divides  each  of  the  unsealed  kills  computed 
above  by  these  factors  (i.e.,  scales  these  kills  by  VFACTOR)  to  obtain,  with  one 
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exception,  what  it  assumes  to  be  the  actual  losses  for  the  combat  being  simulated.  The 
one  exception  concerns  checking  to  be  sure  not  to  "kill"  more  systems  than  there  are 
present  to  be  killed.  Before  considering  this  exception,  however,  the  model  scales  the 
unsealed  losses  by  the  intensity  factors  just  computed.  In  the  example  here,  the  model 
would  now  make  the  following  calculations: 


Shooting  System 
Type  on  Side  1 

Target  System  Type  on  Side  2  I 

Ground- 1 

Ground-2  I 

Unsealed 

Kills 

Scale 

Factor 

Tentative 

(Actual) 

Kills 

Unsealed 

Kills 

Scale 

Factor 

Tentative 

(Actual) 

Kills 

Ground-1 

10.0 

0.17284 

1.73 

10.0 

0.17284 

1.73 

Ground-2 

0.17284 

-03 

_IL2 

0.17284 

Total  Ground 

10.2 

1.76 

10.2 

1.76 

Air-1 

10.0 

0.17284 

-Lza 

10.0 

0.17284 

1.73 

Grand  Total 

20.2 

3.49 

20.2 

3.49 

Shooting  System 
Type  on  Side  2 

Target  System  Type  on  Side  1  I 

Ground-1 

Ground-2  I 

Unsealed 

Kills 

Scale 

Factor 

Tentative 

(Actual) 

Kills 

Unsealed 

Kills 

Scale 

Factor 

Tentative 

(Actual) 

Kills 

Ground- 1 

2.67 

0.5684 

1.52 

5.33 

0.5684 

3.03 

Ground-2 

-  0.02 

0.5684 

— Q1 

419.05 

0.5684 

238.19 

Total  Ground 

2.69 

1.53 

424.38 

241.22 

Air-1 

0 

0.5684 

0 

220.00 

0.5684 

125.05 

Grand  Total 

2.69 

1.53 

644.38 

366.27 

The  last  set  of  calculations  in  Section  32  checks,  weapon  type  by  weapon  type, 
whether  the  tentative  number  of  kills  just  calculated  is  less  than  or  equal  to  the  number  of 
weapons  of  that  type  present  as  given  by  WS(IWJ.),  not  the  number  vulnerable  to  enemy 
air  and  ground  weapons  as  given  by  WSI(IW,IS,L).  This  check  is  satisfied  for  three  of 
the  four  type  and  side  combinations  in  this  example,  so  actual  kills  equal  tentative  kills 
for  these  type-  of  ground  weapons.  This  check  fails  for  ground  weapon  type  2  on  Side  1. 
Since,  in  this  example,  WS(2,1)  =  WSI(2,1,1),  the  code  here  scales  the  tentative  losses  of 
type  2  weapons  on  Side  1  by 


number  present  200.00  _  4 
tentative  number  lost  “366.27  “ 


which  gives: 


m-43 


1  Tarqet  System  Type  2  on  Side  1 

(Second) 

Resulting 

Tentative 

Scale 

Actual 

Kills 

Factor 

Kills 

3.03 

0.54605 

1.654 

238.19 

241.22 

0.54605 

mm 

131.717 

125.05 

366.27 

0.54605 

68.283 

200.000 

Shooting  System 
Tvoe  on  Side  2 


Ground-1 

Ground-2 

Total  Ground 
Air-1 

Grand  Total 


The  table  below  summarizes  the  first  (unsealed  losses  to  tentative  losses)  and 
second  (tentative  losses  to  actual  losses)  scalings  for  both  types  of  weapons  on  both  sides; 


Type  of 
Weaoon 


Unsealed  Losses 

Tentative  Losses 

Actual  Losses 

Number  Value 
Lost  Lost 

Number  Value 
Lost  Lost 

Number  Value 

Lost  Lost 

Side  1 

1 

1.00 

2.69  2.690 

1.529  1.529 

1.529  1.529 

2 

0.01 

644.38  §,444 

366.27  3.663 

200.000  2.000 

Total 

- 

9.134 

5.192 

3.529 

Side  2 

1 

0.5166 

20.2  10.435 

3.491  1.804 

3.491  1 .804 

2 

0.7998 

20.2  16.156 

3.491  2.792 

3.491  2.792 

Total 

— 

26.591 

4.596 

4.596 

This  portion  of  the  example  f)oints  out  another  potential  problem  with  the  code. 
In  general,  it  seems  that  one  would  not  want  to  scale  simulated  losses  unless  one  were 
relatively  sure  that  one  wanted  to  make  the  resulting  value  lost  equal  to  that  computed  in 
Section  29.  But  this  example  shows  that  the  model  does  not  necessarily  scale  losses  to 
produce  this  equality.  In  the  example  here,  the  results  for  Side  2  do  have  the  property  that 
the  numbers  of  weapons  lost  (by  type)  times  the  values  of  these  weapons  sum  (over  type) 
to  VLS(2)  as  computed  by  Section  29 — but  the  results  for  Side  1  do  not  have  this 
property.  In  particular,  for  Side  1,  Section  29  gives  that 

VLS(1)  =  5.192, 
yet 

WLS(1)*VIWACF(1.1,1)  WLS(2)*VIWACF(2,1,1)  = 

1.529*1.00  +  200.000*0.01  =  3.529, 
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a  difference  (based  on  weapons  lost)  of  almost  50  percent  This  difference  is  so  big  that  it 
changes  Side  1  from  losing  almost  13  percent  more  value  than  Side  2  to  losing  about  23 
percent  less  value  than  Side  2. 

Several  fixes  are  possible  here.  One  would  be  to  put  the  "sanity"  check  that 
WLS(IW4S,L)  ^  WS(IW,L)  (including  the  corresponding  adjustments  if  not)  before  the 
scaling  to  match  VLS(L) — i.e.,  to  essentially  copy  lines  4051  through  4076  to  just  after 
line  3957,  and  to  put  a  STOP  statement  in  place  of  the  current  lines  4056  through  4074, 
inclusive.  One  of  the  problems  with  this  fix  concerns  what  to  do  if  this  STOP  is 
encountered.  In  such  a  case  a  smaller  time  period  could  be  used,  but  this  could  be  quite 
tedious.  Another  fix  would  be  to  never  set  MVCASO  =  0,  and  to  use  MVCASO  =  1 
instead — which  is  a  step  towards  using  the  attrition  logic  in  GC90. 

3.  Section  33  (Lines  4076-4168) 

As  noted  above,  this  section  of  the  code  is  processed  only  if  the  input  MVCASO 

is  1. 


a.  Inputs  and  Outputs 

Primary  Section  Inputs 

Source 

MVCASO  (implicitly) 

Model  Input 

WS(IW,L) 

Section  6 

WSI(IW,IS,L) 

Section  6 

PWAKW(IW,KW,L) 

Section  23 

PWDKW(IW,KW,L) 

Section  23 

SFGND(KP,IT-) 

Model  Input 

ACSABA(IAC,IS,L) 

Subroutine  Input 

PAAKW(IAC,KW,L) 

Section  23 

PADKW(IAC,KW,L) 

Section  23 

SFCAS(KP,I,L) 

Model  Input 

SSMALOaSSM,IS,L) 

Subroutine  Input 

PMAKWaSSM,KWT-) 

Section  23 

PMDKWaSSM,KW,L) 

Section  23 

SFSSM(KP,I,L) 

Model  Input 

Section  Outputs 

Next  Relevant  Use 

GKGS(IW,KW,L) 

Section  35 
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DGRD(IW)  Section  37 

AKGS(IACJCW,L)  Section  35 

DAIR(IW)  Section  37 

XMKGSaSSM,KW,L)  N/A 

DSSM(IW)  N/A 

WLS(IW,ISa.)  Section  38 


Discussion 

Since  GC  processes  either  Section  32  or  Section  33,  but  not  both,  to  calculate 
WLS(IW,IS,L)  for  all  relevant  IW,  IS,  and  L,  it  is  appropriate  to  compare  them.  Note 
that  many,  but  not  all,  of  the  inputs  and  outputs  are  the  same  for  these  two  sections. 
Concerning  inputs,  the  differences  are  as  follows.  Unlike  Section  32,  Section  33  makes 
no  use  of  the  (section)  inputs  VIWACF(IW,IS,L),  VIWDCF(IW,IS,L),  VLS(L), 
SFAPP(L),  NUMINC(L)  and  FICAS(2,L).  Qjnversely,  unlike  Section  33,  Section  32 
makes  no  use  of  the  inputs  SFGND(KP,I,L),  SFCAS(KP,I,L),  and  SFSSM(KP,I,L). 
Concerning  outputs.  Sections  32  and  33  each  produce  data  on  losses  (GKGS,  DGRD, 
AKGS,  DAIR,  XMKGS,  DSSM,  and  WLS);  however.  Section  32  (but  not  33)  also  calcu¬ 
lates  new  values  for  SFAPP(L),  NUMINC(L),  and  VFACTOR. 


b.  Numeric  Example 

Relevant  Section  Inouts 

Data 

MVCASO 

1  (for  C!ases  Ml/0  and  Ml/1) 

WS(«.l) 

100. 

200. 

WS(-,2) 

40. 

40. 

WSI(.,1,1) 

100. 

200. 

WSI(*,1,2) 

40. 

40. 

PWAKW(l.».l) 

0.1000 

0.1000 

PWAKW(2,*,1) 

0.0010 

0.0010 

PWDKW(l,-,2) 

0.0667 

0.1333 

PWDKW(2,*,2) 

0.0005 

10.4762 

ACSABA(1,1,*) 

10. 

20. 

PAAKW(1,»,1) 

1.0000 

1.0000 

PADKW(l,v2) 

0.0000 

11.0000 

SFGND(1.1,1) 

1. 

SFGND(  1,2,2) 

1. 
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SFCASd.l.l) 

SFCAS(1,2^) 


1. 

1. 


Relevant 


Loss-Related  _ Data 


=  1 

DGRD(«) 

2.69 

131.717 

10.2 

10.2 

DAIR(«) 

0. 

68.283 

10.0 

10.0 

WLS(*,1,L) 

2.69 

200.000 

20.2 

20.2 

Relevant 

K  VS -Related 

Data 

GKGS(1,*,L) 

2.67 

1.654 

10.0 

10.0 

GKGS(2,*X) 

0.02 

130.063 

0.2 

0.2 

AKGS(1,*,L) 

0 

68.283 

10.0 

10.0 

Discussion 


In  this  example,  nCAS(2,L)  =  1  for  both  L,  SFGND(1,I,L)  =  SFAIR(1,I,L)  =  1 
for  the  relevant  I  and  L.  and  DGRD(IW)  ^  WSI(IW,IS,L)  whenever  WLS(IW,IS,L)  ^ 
WS(rW,L).  Therefore,  the  outputs  of  Section  33  (if  MVCASO  is  1)  must  necessarily 
equal  the  "unsealed"  kills  that  would  be  computed  by  Section  32  if  MVCASO  were  0. 
Comparing  the  results  here  with  the  corresponding  intermediate  results  of  Section  32 
shows  that  that  is  indeed  the  case  in  this  example.  Note  that  WLS  is  not  scaled  to  match 
VLS  here,  and  VLS  is  not  recomputed  to  be  consistent  with  WLS.  Thus,  if  MVCASO  = 
1,  the  data  reported  for  VLS  by  the  model  is  (except  by  pure  coincidence)  inconsistent, 
and  possibly  quite  inconsistent,  with  that  reponed  by  the  model  for  WLS. 

G.  PART  G  (LINES  4169-4239) 

1.  Section  34  (Lines  4169-4210) 

a.  Inputs  and  Outputs 


Erimarv  Section  Inputs  Source 

EXNPMN(IW,KW,L)  Section  20 

TEXNPM(rW,IS,L)  Section  20 

EXPMN(IW,KW,ISM,IS,L)  Section  20 
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SMENG(IW,ISM4S4.) 

SMSTKaSM,IS,L) 

WSI(IW,IS,L) 

VFACTOR 


Section  20 
Model  Input 
Section  6 
Section  32 


Section  Outputs 

EXNPMN(IWJCW,L) 

TEXNPM(IW.IS,L) 

EXPMN(IW,KW,ISM,ISJ.) 

SMENGCIW,ISM,IS.L) 

SMSTKaSM,IS.L) 


Next  Relevant  Use 
Subroutine  Output 
Subroutine  Output 
N/A 
N/A 
N/A 


Discussion 

The  calculations  here  are  trivial — Subroutine  ADJUST  can  be  described  in  five 
lines  as  follows: 


SUBROUTINE  ADJUST (Z, N, V) 
DIMENSION  Z(N) 

DO  10  J  -  1,N 
10  Z(J)  -  Z(J)  *  V 
END 


b.  Numeric  Example 


Relevant  Section  Inputs 

Data 

EXNPMN(1,*,1) 

0.2000 

0.2000 

EXNPMN(2,«,1) 

0.2000 

0.2000 

EXNPMNd,-^) 

0.1333 

0.2667 

EXNPMN(2,«^) 

0.5238 

10.4762 

TEXNPM(».1,1) 

0.4000 

0.4000 

TEXNPM(‘,1,2) 

0.4000 

11.0000 

WSI(-,1,1) 

100. 

200. 

WSI(*,1,2) 

40. 

40. 

VFACTOR  for  - 

Side  1,  MVCASO  =  0:  0.17284 
Side2,MVCASO  =  0;  0.5684 
Side  1,  MVCASO  =  1:  Undefined 
Side  2,  MVCASO  =  1:  Undefined 

■ 
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Relevant 

Section  _ _ Dall 


Oiimuts 

MVCASO=0 _ 1 

1 _ MVCASO=l _ 

EXNPMN(1,*,1) 

0.03457 

0.03457 

Undefined 

Undefined 

EXNPMN(2.«,1) 

0.03457 

0.03457 

Undefined 

Undefined 

EXNPMNd,*^) 

0.07577 

0.15159 

Undefined 

Undefined 

EXNPMN(2,*,2) 

0.29773 

5.95467 

Undefined 

Undefined 

TEXNPM(«,1,1) 

0.06914 

0.06914 

Undefined 

Undefined 

TEXNPM(*,1,2) 

0.22736 

6.2524 

Undefined 

Undefined 

2.  Section  35  (Lines  4211-4239) 
a.  Inputs  and  Outputs 

Primary  Section  Inputs  Sov.rce 


GKGS(IWJCW,L) 

SGKGS(IW,KW.L) 

AKGS(1ACJCW,L) 

SAKGS(IAC,KW.L) 

XMKGSaSSM,KW,L) 

SMKGS(ISSM,KW.L) 


Section  32  or  33 
Subroutine  Input 
Section  32  or  33 
Subroutine  Input 
Section  32  or  33 
Subroutine  Input 


Section  Outputs 
SGKGS(IW,KW,L) 
SAKGS(IAC,KW,L) 
SMKGS(ISSM,KW,L) 


Next  Relevant  Use 

Subroutine  Output 
Subroutine  Output 
Subroutine  Output 


Discussion 

This  section  simply  accumulates  the  per-cycle  values  of  GKGS,  AKGS,  and 
XMKGS  into  the  cumulative  (over  all  cycles)  arrays  SGKGS,  SAKGS,  and  SMKGS, 
respectively. 


b.  Numeric  Example 
Relevant 

Section  _ Data 


Inouts 

MVCASO  =  0  1 

MVCASO 

=  1 

GKGS(l.«.l) 

1.73 

1.73 

10.0 

10.0 

GKGS(2.».l) 

0.03 

0.03 

0.2 

0.2 

GKGS(1,%2) 

1.52 

1.654 

2.67 

1.654 

m-49 


GKGS(2,«,2) 

0.01 

130.063 

0.02 

130.063 

AKGS(1,*,1) 

1.73 

1.73 

10.0 

10.0 

AKGS(1,*,2) 

0. 

68.283 

0. 

68.283 

SGKGS(IW,KW,L)  =  SAKGS(IAC.KWa.)  =  0.0  for  aU  relevant  arguments. 

Relevant 

Sgctipn.Ovttpvits  Ham 

SGKGS(IW,KW,L)  GKGS(IW,KW,L)  as  above  for  all  relevant  IW,  KW, 

and  L 

SAKGS(1,KW,L)  AKGS(1,KW,L)  as  above  for  all  relevant  KW  and  L 

Discussion 

Cumulative  killer-victim  scoreboards  are  identical  to  the  per-cycle  killer-victim 
scoreboards  for  the  first  cycle,  which  is  the  case  in  the  example  here. 

H.  PART  H  (LINES  4240-4328) 

I.  Section  36  (Lines  4240-4309) 


a.  Inputs  and  Outputs 


Primary  Section  Inputs 

Source 

IPLSC 

Model  Input 

PDIV(ID) 

Model  Input 

PCS(L) 

Section  29 

VGABAI(IS,L) 

Section  25 

VGDBAI(IS.L) 

Section  25 

VAABAaS.L) 

Section  26 

VADBAaS.L) 

Section  26 

VMABA(IS,L) 

Section  26 

VMDBAdS.L) 

Section  26 

SCASUALd.IS.L) 

Subroutine  Input 

PLST(L) 

Section  4 

TPDIV(L) 

Section  4 

CPLS(IS,IC) 

Subroutine  Input 

FPCR(IC) 

Model  Input 

PIARPdC) 

Subroutine  Input 

ni-50 


TPDIV(L) 

SCASUALa,IS,L) 

PLS(IS,L) 

PLST(l) 

CPLSdSJC) 

PDIVOD) 

PIARPdC) 


Model  Output 
Model  Output 
Section  43 
Model  Output 
Model  Output 
Model  Output 
Model  Output 


As  noted  above,  this  section  is  processed  only  if  the  input  IPLSC  is  0. 
b.  Numeric  Example 


IPLSC 

0  (for  Cases 

PDIV(*) 

3000. 

800. 

PCS(«) 

0.01665  0.01' 

VGABAI(l.l) 

102.00 

VGDBAI(1,2) 

105.31 

VAABA(1,1) 

100.00 

VADBA(1,2) 

16.72 

SCASUAL(1,»,1) 

0. 

0. 

SCASUAL(2,«,2) 

0. 

0. 

CPLSd,*) 

0. 

0. 

FPCR(0 

0.4 

0.4 

PIARP(«) 

0. 

0. 

TPDIV(») 

SCASUAL(1,-,1) 

SCASUAL(2,*,1) 

PLS(1,') 

PLST(*) 

CPLSd.O 

PDIV(‘) 

PIARP(«) 


3000. 

43.08 

6.84 

49.92 

49.92 

49.92 

2950.08 

1180.03 


800. 

7.91 

7.76 

15.67 

15.67 

15.57 

784.33 

313.73 


Discussion 

To  simplify  making  comparisons,  the  data  used  for  PDIV  here  are  based  on  the 
assumption  that  each  type  of  weapon  on  each  side  requires  10  people  in  the  unit  to  fire 
and  to  support  the  firing  of  that  weapon.  Note  that,  for  IPLSC  =  0,  the  resulting  person¬ 
nel  losses  are  the  same  for  MVCASO  =  0  as  for  MVCASO  =  1.  Indeed,  given  PDIV  and 
PLS,  the  number  of  personnel  lost  on  each  side  is  independent  of  the  numbers  of  weapons 
lost  when  IPLSC  =  0. 

2.  Section  37  (Lines  4310-4328) 

a.  Inputs  and  Outputs 

Primary  Section  Inputs 
IPLSC  (implicitly) 

DGRDOW) 

DAIR(IW) 

DSSM(IW) 

FTCWPL(IW,L) 

SCASUALa.IS.L) 

ScciioD-Oyipyt 

SCASUALa,IS,L) 

Discussion 

As  noted  above,  this  section  is  processed  only  if  the  input  IPLCS  is  not  0  (i.e., 
IPLSC  =  1).  In  particular,  if  this  section  is  processed,  then  the  array  SCASUAL  still  has 
its  (subroutine)  input  values,  not  the  values  that  would  have  been  computed  in  Section  36 
(since  that  section  would  not  have  been  processed).  Additional  outputs  concerning 
personnel  losses  when  IPLSC  =  1  are  calculated  in  Section  39. 


Source 

Model  Input 
Section  32  or  33 
Section  32  or  33 
Section  32  or  33 
Model  Input 
Subroutine  Input 
Next  Relevant  Use 
Model  Output 
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b.  Numeric  Example 


Data 


L=  1 

L  =  2 

Relevant  Section 

InnuLs  and  OutnuLs  MVCASO  =  0 

MVCASO  =1 

MVCASO  =  0 

MVCASO  = 1 

IPLSC  1  (for  Case  MO/1) 

DGRDC)  1.53  131.72 

DAIR(*)  0.  68.28 

nCWPL(.)  3.  1. 

SCASUAL(1,1.*)  136.31 

SCASUAL(2,1.*)  68.28 

l(for  Case  Ml/1) 
2.69  131.72 

0.  68.28 

3.  1. 

139.79 

68.28 

1  (for  Case  MO/1) 

1.76  1.76 

1.73  1.73 

2  1 

3.52 

3.46 

1  (fa- Case  Ml/1) 
10.2  10.2 

10.0  10.0 

1  1 

40.8 

40.0 

Discussion 

The  underlying  assumption  for  the  data  here  is  that  three  people  are  lost,  on  aver¬ 
age,  for  each  weapon  of  type  1  lost  on  Side  1,  one  person  is  lost  for  each  weapon  of  type 
2  lost  on  Side  1,  and  two  people  are  lost  for  each  weapon  of  either  type  lost  on  Side  2. 
Clearly,  for  IPLSC  =  1,  the  resulting  personnel  losses  depend  directly  on  the  numbers  of 
weapons  lost  (and  so  depend  on  MVCASO  as  well  as  on  other  weapon-loss  related 
inputs). 

L  Part  I  (Lines  4329-4598) 

1.  Section  38  (Lines  4329-4358) 

a.  Inputs  and  Outputs 

Primary  Section  Inputs 
WS(IW,L) 

WDIV(IW,ID) 

WLS(IW,IS,L) 

Section  Output 
TEMP  1 


Source 
Section  6 
Model  Input 
Section  32  or  33 
Next  Relevant  Use 
Sections  39  and  40 


Discussion 

Lines  4329  through  4358  (Section  38)  plus  lines  4371  through  4426  (Section  40) 
form  one  logical  section — the  linrs  in  between  (Section  39,  lines  4359-4370)  are  logically 
part  of  Section  37  as  described  above. 


b.  Numeric  Example 


Relevant  Secrion  Inputs  Data 

WS(‘,1)  100.  200. 

WS(‘.2)  40.  40. 

WDIV(«,1)  100.  200. 

WDIV(«,2)  40.  40. 


MVCASO  =  0 

1  MVCASO  =  1 

WLS(-,1,1) 

1.53  200.00 

2.69 

200.00 

WLS(.,1,2) 

3.49  3.49 

20.20 

20.20 

Relevant  Section  Outputs 


Data 


MVCA.SO  =  0 

1  MVCASO  = 1 

TEMPI  (L  =  1) 

1.53  200.00 

2.69 

200.00 

TEMP1(L  =  2) 

3.49  3.49 

20.20 

20.20 

Discussion 

Since  there  is  only  one  unit  on  each  side  in  combat  in  this  example,  TEMPI 
WLS(IW,1,L)  for  all  relevant  IW  and  L. 


2.  Section  39  (Lines  4359-4370) 


a.  Inputs  and  Outputs 

Primarv  Section  Inputs 

Source 

IPLSC 

Model  Input 

FTCWPL(IW,L) 

Model  Input 

PDIVOD) 

Model  Input 

PLS(IS.IC) 

Undefined 

CPLS(IS,IC) 

Subroutine  Input 

FPCR(IC) 

Model  Input 

PIARPaC) 

Subroutine  Input 

Section  Outputs 

Next  Relevant  Use 

PLS(IS,L) 

Section  43 

CPLS(IS,L) 

Model  Output 

PDIVaD) 

Model  Output 

PIARPaC) 

Model  Output 

in-54 


Discussion 

This  section  is  processed  only  if  IPLSC  =  1.  As  noted  above,  it  is  logically  part  of 
Section  37 — ^it  belongs  there,  not  here. 

b.  Numeric  Example 


Relevant  Section  Inputs  Data 

IPLSC  1  (for  Cases  MO/1  and  Ml/1) 


FTCWPU*,!) 

3. 

1. 

FTCWPL(*,2) 

2. 

2. 

PDIV(*) 

3000. 

800. 

PLS(1,*) 

Undefined 

CPLS(1,‘) 

0. 

0. 

FPCR(*) 

0.4 

0.4 

PIARP(*) 

0. 

0. 

Relevant  Section 

Outputs 

Data 

_ MVCASO  =  Q _ 1 

MVCASO=l 

PLS(1,*) 

Undefined 

Undefined 

CPLS(1,*) 

204.59 

6.98 

208.07  80.80 

PDIV(*) 

2795.41 

793.02 

2791.93  719.20 

PIARP(*) 

1118.16 

317.21 

1116.77  287.68 

Discussion 


If  the  code  properly  initialized  PLS,  in  this  example  it  would  have  the  same  values 
that  CPLS  has  at  the  end  of  the  section. 

3.  Section  40  (Lines  4371-4426) 

a.  Inputs  and  Outputs 


Primary  Section  Inputs 


Source 


TEMPI 

WDrV(IW,ID) 

CWLS(IW,IS,IC) 

WLST(IWT-) 

WLS(IW,IS,L) 


Section  38 
Model  Input 
Subroutine  Input 
Section  4 
Section  32  or  33 
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Section  Outputs 
WDIV(IWJD) 
CWLS(IW,IS,IC) 
WLST(IW^) 


Next  Relevant  Use 
Model  Output 
Model  Output 
Model  Output 


Discussion 

The  calculations  here  are  very  simple  but  quite  important.  The  number  of 
weapons  of  type  IW  in  unit  ID  that  were  lost  in  the  combat  being  simulated,  given  by 
TEMPI  here,  is  subtracted  from  the  number  of  weapons  of  that  type  in  that  unit  at  the 
start  of  the  combat,  WDIV(IW,ID),  so  that  at  the  end  of  this  section  WDIV(IW,ID)  gives 
the  number  of  weapons  of  type  IW  still  operational  in  unit  ID  at  the  end  of  this  combat. 
WLST(IW,L)  totals  this  number  over  all  units  in  all  sectors  and  CWLS(IW,IS,IC) 
cumulates  this  number  over  all  units  belonging  to  country  IC  in  the  sector  in  question. 


b.  Numeric  Example 


Relevant 

Section  _ Data 


Inouts 

_ MVCASO  =  0 _ 1 

1 _ MVCASO  =  1 

TEMPI  (L=l) 

1.53 

200.00 

2.69 

200.00 

TEMPI  (L=2) 

3.49 

3.49 

20.20 

20.20 

wDrvc.i) 

100. 

200. 

100. 

200. 

WDIV(»,2) 

40. 

40. 

40. 

40. 

CWLS(%1,1) 

0 

0 

0 

0 

CWLS(*,1,2) 

0 

0 

0 

0 

WLS(«,1) 

1.53 

200.00 

2.69 

200.000 

WLS(*,2) 

3.49 

3.49 

20.20 

20.20 

WLST(«,1) 

0 

0 

0 

0 

WLST(*,2) 

0 

0 

0 

0 

WDIV(*,1) 

98.47 

0.00 

97.31 

0.00 

WDIV(»,2) 

36.51 

36.51 

19.80 

19.80 

CWLS(*,1,1) 

1.53 

200.00 

2.69 

200.00 

CWLS(*,1,2) 

3.49 

3.49 

20.20 

20.20 

WLST(*,1) 

1.53 

200.00 

2.69 

200.00 

WLST(*,2) 

3.49 

3.49 

20.20 

20.20 
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Discussion 

Since  there  is  only  one  unit  on  each  side  anc  nly  one  sector,  WLS,  WLST,  and 
CWLS  all  have  the  same  values  for  the  first  cycle. 

4.  Section  41  (Lines  4427>4501) 

This  section  (apparently)  concerns  the  destruction  of  supplies,  and  so  (apparently) 
no  calculations  relevant  to  this  numeric  example  are  made  here. 

5.  Section  42  (Lines  4502-4565) 

As  discussed  in  Chapter  n,  the  code  incorrectly  represents  the  repair  of  damaged 
weapons.  Until  these  problems  are  fixed,  the  iiKxiel  could  be  used  in  conjunction  with  the 
assumption  that  each  weapon  in  combat  is  either  damaged  so  lightly  (if  at  all)  that  it  is  (or 
can  be  made  to  be)  fully  operational  by  the  start  of  the  next  time  period  or  that  the 
weapon  is  damaged  so  severely  in  that  combat  that  it  cannot  be  made  operational  no 
matter  how  long  the  war  being  simulated  lasts.  This  assumption  is  easy  to  incorporate. 
All  relevant  probabilities  of  kill  should  include  probabilities  of  severe  damage  but  not 
light  damage,  and  the  input  PWATS  should  be  set  so  that 

PWATS(IWJX)  =  1.0 

for  all  IW,  I,  and  L. 

6.  Section  43  (Lines  4566-4598) 

As  discussed  in  Chapter  H,  except  for  degenerate  cases,  WLDAS(IW,IS,L)  is 
never  calculated  correctly  by  this  code,  and  CDACS(IS,L)  is  calculated  correctly  here 
only  if  both  FICAS(1,3-L)  is  1.0  and  IPLSC  is  0  (in  which  case  CDACS(IS,L)  equals 
TEMPA  divided  by  SUM,  where  TEMPA  is  as  used  on  line  4297 — thus,  (TDACS  should 
be  set  there  rather  than  (re)calculated  here).  Until  this  section  of  the  code  is  fixed,  all  of 
its  calculations  and  outputs  (i.e.,  the  values  of  WLDAS  and  CDACS)  should  be  ignored, 
as  should  any  results  based  on  these  calculations  and  outputs  (i.e.,  the  values  computed 
for  FWDCAS(IWJR)  and  FPDCAS(IR)). 
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J.  PART  J  (LINES  4599-4783) 


1.  Section  44  (Lines  4599-4607) 

If  MVCASO  =  0,  this  section  computes  SFAPP(L)  as  an  unweighted  (except 
trivially)  average  of  the  scale  factors  for  each  sector  as  computed  in  Section  32.  Since 
there  is  only  one  sector  in  this  example,  SFAPP(1)  =  0.5684  and  SFAPP(2)  =  0.17284  if 
MVCASO  =  0.  IF  MVCASO  =  1,  this  section  sets  SFAPP(«)  to  essentially  meaningless 
values,  and  it  gives  users  of  the  model  no  warning  of  this. 

2.  Section  45  (Lines  4608-4673) 

This  section  concerns  writing  outputs  only;  it  makes  no  relevant  calculations  for 
the  numeric  example  given  here. 

3.  Section  46  (Lines  4674-4702) 

As  noted  in  the  discussion  of  code  Section  43  (in  text  Section  6  of  Part  I,  above), 
the  values  of  CDACS  and  WLDAS  (computed  there)  and  the  values  of  FPDCAS  and 
FWDCAS  (computed  here)  are  quite  likely  to  be  completely  wrong  and  so  should  be 
ignored  entirely. 

4.  Section  47  (Lines  4703-4723) 

As  discussed  in  Chapter  H,  the  code  in  this  section  contains  several  potential 
problems  (e.g.,  it  does  not  consider  AMLFD  and  AMNLAF)  and,  perhaps  more 
importantly,  it  should  not  even  be  in  GC.  Since  this  section  of  the  code  is  both  erroneous 
and  irrelevant  to  the  calculation  of  attrition  in  GC,  no  numeric  values  are  given  for  the 
example  being  presented. 

5.  Section  48  (Lines  4724-4783) 

No  calculations  relevant  to  the  numeric  example  given  here  are  made  in  this 
(final)  section  of  the  code. 
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APPENDIX 


A  FORTRAN  LISTING  OF  SUBROUTINE  GC 


♦-Apr-1990  13:59:47  C315:[CILL0.TACWAR3e. IDA]GC.F0R;9 
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